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PREFACE TO THE SECOND EDITION 


In preparing a Second Edition of ‘Practical Hydraulics’ consi- 
derable alterations and additions bayo been made To facilitate 
reference, tbo work lias been divided into Cboptcrs, additional 
Poles for Calverts and other snbjccts bavo been given, inclading 
several new Tables, and on increased number of Illustrations 
These alterations were so considerable, that it was found neces- 
sary to po-wrxlo tho whole, and tbns opportnnity was given to 
introdoco much new and valoablo information, which, it is 
hoped, will incrcaeo tho nscfolness of tho work 

Bltiz, /u/y, 1870 


PKEFACE TO THE FIRST EDITION 


Ths reader must not expect, m this little book, an exhaustive 
treatise on Hydraulics , many such bavo been written, and they 
leave littlo or nothing to bo desired This work consists of 
a senes of Rules and Tables, giving unusual facility for tho 
solution of gocstions which occur m (he daily practice of 
Engineers 

For tho two leading questions — tho Discharge of Pipes, and 
of Open Channels— -two seta of Tables arc given, the reason for 
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whicli may not bo obvious; but it is impossible to give Tables 
combining cxtromo facility with eitrcme accuracy for low heads, 
and the author has therefore given two Tables, one giving accu- 
rate results in all ordinary cases with the least possible labonr, 
and the other giving, with more labour, exact results in extreme 
cases. 

For tho most part the Buies and Tables have been long used 
in on extensive practice, and tho principal reason for publishing 
them is tho author’s desire that (ho profession irom which he 
lias retired may have tho benefit gf Tables, &o., which for many 
years have been very useful to himself. 

KaSEDALE, GaASMIlC£, 

July, 18C7. 
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CDAPTEU I. 

DISCUAttOE OF APCrTCttES, TirES, Ac 

(1) " Vcloeitj **— Tho Tclocjly Tnlh wbich tvater 

sssncs froo tbo etdo of a Tcesct, oa at A, Fig 1, is tbo samo iifl 
that of & body falling freely by gravity from tbo height H, or 
tlio dietanco from tlio Centro of tbo orifico to tbo surface of tbo 
witct This velocity tt given by tbo rule *— 

V-/HX8 

In wbicb n = the bcigbt or Lead of water in feet, and V » tbo 
velocity m feet i>cr second From this wo may obtain another 
mlo giving the discharge m gallons, which bccotoos — 
G=:Vllxd*xlG3 

In whicb H - the head of water in feet, d s= the diameter of 
the orifice in inches, and G « gallons discharged per minuto 
Table I has been calculated by ihia role. 

Thceo rules give the tJtrorcitcal velocity and discharge for 
application to practice, they may require some modification to 
adapt theta to tbo particular form of tbo orifice 

(2 ) ** Discharge ly an Onfice iB a Una Plate — It has been 
found by eiponment that, when tho diEchargmg orifice is made 
us a thin plate, tho converging currents of water approaching 
the aperture cause a conlraehoa m tho issuing stream, so that 
instead of a parallel or lyluidncal jet, it becomes a conical ono 
of the form ehown by Fig ^ the greatest coatraction being ai 



liiu 1. or Uio Theoretical Discharge of Water by Uouns Apertures of vanous Diameters, and under « 
DiuLrent Heads of Water Pressure 
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the point C, vrio^so d isUmco fronj tho plalo is liaW tlio diameter 
of tlio onfico, and jU diameter 781, that of tlio onCco being J 
Tbo fonn from B to 0 may bo talcn as a cuttc, wlioso radjas js 
1 22 tunes tlio diameter of tbo orifice 
2 now, tlio foregoing rnlo gives Ibo maximum velocity, or that 
at tbo point of greatest cootractioa 0, end if tbo diameter bo 
taben there, tbo rules vrould give tbo true velocity end dis- 
cbaigo Tntbont cortcelion. Bui it w olmous that tbo velocity 
at tbo apertnro itacU (or at B) irooM bo less tbau at 0 ic tbo 
ratio of tbo rcspcctivo areas at tbo two points, or as 1* to 781* 
OT I to CIS, and sn lUat case, Ibe diamctct being taben ni B, 
tbo velocity there ivonld become Y = ./U x 8 x 615 and tbo 
discharge G « X d* x 16 3 x 616 From this wo get 
for apertures no a Ihm plate, tbo rales — 

Ga Vuxd’x 10 


Tins, Tntb S inches diameter sod 16 feet bead, the discLaigo 
would bo VTG X 3* X 10 or 4 X 0 X 10 » 860 gallons per 
jmnnto The head for 160 gallons per mintito mth 2 mches 


diameter = ( , “ 1^ 06 feet > i^ud the diameter for 2( 

V4 X 10/ 

/ 200 ^ 

gallons per nunuto with 20 feet head would bo jg / ' 


2 11 inches, See , 3fe 


(3 ) “ Diaeliarge h j Short Tabes — When the aperture is of 
coQsidersblo tbiclmess or has t&o form of a abort tube not !e$a 
in length than twice the diameter, the amouiifc of contraction is 
found to be lees and thodisohargo greater, than with a thin plate 
Tig 3 shows a tdbo 1 inch diameter and 2 inches long, the 
greatest contraction is in that case 9 inch diameter, und its pro- 
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portioaal area *9* =r *81, or say *8 of tlio area of tlio tube. Tor 
short (uhea therefore the rules hccomo : — 

G = VH X tl* X 13 

-(.-ra)’ 

Table 2 lias been calcnlatctl by these rules ; thus, for a 7-mch 
pipe discharging 450 gallons, tho Tablo shows that the head 
necessary to generate the velocity at entry is C inches ; this is 
irrespective of friction, which, In fact, for so short n tnbo as tho 
mlo supposes, would bo practically notliing. This Tablo applies 
to all eases of pipes ♦, for instance, Tig. 4 shows tho inlet end of 
a roain from a reservoir, wLicli will require fur tho velocity at 
entry alone the amount of head shown by tho Table. ^Vhtn, os 
is usually tho case, the pipe is of considerable length, tho head 
duo to friction must also bo allowed for. 

(1.) “ Prictien o/ Lony “With a long pipe there in not 

only tho loss of hoa<l duo to tho velocity at entry, hat alco 
another 10*5^ duo simply to tho friction of tho water against tho 
sides of tho pipe, so ttint in all ca'ca tlio head consuroal may bo 
considcrcxl w? compo^d of.two jiottions: — one, tho amount duo 
to velocity of entrj*, itrcspccUvo of friction j and tho oilier, llio 
amount dno to friction alone. Tims, in Tig. 8 tho head h givea 
n certain vdocity of discharge by tho riiort pipe A j but to giro 
tho Kuno VC locity in the long imin U 0, tho head 11* is nceosK.iry, 
of wliich h' is consumed in generating tho velocity at entry, 
licing tho same as fur A, and llio rest, or If, iu tlio friction of 
tho long pijKj : tho total head ia, of course, tho sum of l!ic two. 

(5.) *1110 loes of head by fricliou may bo calculated by tho 
following rules 

c. 

g ’ X 

(M)' 


n 



Tadlk S.— Of tlio Achjat. Dj^ams Vj SfionT Terra of nrimii nu«rrT“S «uh P.ir%To Wr' 
Different IlcaJaof NWer rrr«nrr, Wng,^llnofJh«?TIif'n:'c.-vl 



G 


TaiCTEJT 07 toss FI3S3- 



^ (3a>’xH 

L= —5 


la ibfjie rclts d s diaracter of tiie pife £a itcliss. 

L = leagth tn jards. 

H s hfoA of vrsicT in fec». 

G = gallons pe? miiiTiie. 

Tl3«c mles rcqniits tie esc of logarithns to work then casl/ : 
Itna, to find tho disckirge hy & 7-icci pipe 3797 yards long with 
45 fctl bead, wc bavc: — 

7 X 3 * 21 « 1*322210 
5 

0^611095 
X 45 = 1*658218 
8-2C1308 
4.3797 s 3*579U1 
2 )1*684867 

2*312133 = 220 gallons per zninnte. 

Again, to find tlio bead necessary to disebargo 320 gallons per 
minuto by nn 8-incb pipo 3157 yards long, wo barn : — 

320 = 2-505150 

6-010300 
X 8167 = 3-638699 

8-518999 

8 X 3 = 21 « 1-3S03U X 5 = 6-901055 

1617911 = dl-lG feel bead. 

And again, to find tbo diameter for llO gallons per minutotritb 
66 feet btml, tbo length being 273 yards, wo baro 
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110 * 2 041393 

2 

4 08278G 
X 273 = 2 436163 
6 518949 
^66 = 1 748188 

5)4 770761 

9 

954152 s= 9, oad— = 3 mches diameter 

Table 3 bag been calcolatcd by these rules, and will greatly 
facilitate the calculation of pipe questions, it also has the great 
advantage of requiring only the simple mles of ontbmetic 
(6 ) 1st Having G, L, and d given, to find H In the Table 
opposite the given number of gallons, and under the given 
diameter, is found the bead duo to a length of one yard, and 
multiplying that number by the given length m yards, gives the 
required head of water m feet Thus, taking onr former lUus*'* 
tration m (5), the head to deliver 320 gallons per minute by an 
8-mch pipe 8457 yards long— oppMito 820 gallons in the Table, 
and under 8 inches diameter, is 01286 feet, and 01286 x 
3457 B 44 46 feot, tho bead sought 

(7 ) 2od To find d, having H, L, and G given Divide the 
given head of water in feet by the given length in yards, and 
the nearest number thereto in the Table opposite the given 
number of gallons will be found under the required diameter 
Thus, to find, tho diameter for 110 gallons per minute with 56 

feet head, the length benig273 yarfs, wo have = 205, look- 
ing for which in the Table opposite 110 gallons we find it under 
3 inches, the diameter sought (see 5) Again, to find the dio* 
meter for 320 gallons, 20 feet head, and 1600 yards long, wo 
20 

~ 0125, tho nearest number to which, in the Table 

loOO 

(*01236) 18 found under 8 inches, tho diameter sought In 
most coses tho tabular number will not be the exact number. 
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HEAD Foa raicTiOT or lo\q pipes 



DEAD roR raicnoN or lovo rn-zs. 
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HTDHAtTLTO TaBLB 


HEAD ron FWOTIOH or LOSQ riTES 
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000544 000321 000251 0001202 
00058S 000317 000272 0001307 
OOOC35 000374 ' 000203 0001507 
000083 000103 OOOJ15 0001020 


IlTiiitAULTa Table Q— continued 


H 


HEAD rOB rBlCTION OP LOhO PIPES. 





blcrmcdlBilemimbcrb ie< bo>>7<irUiag«an«ITitil«9,u«xpUliic<lla(l(l) r>6*>< 
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desired, which will only rfiow that tho exact diameter is aa odd 
size between tho standard ones in tho Table But by tho former 
rule in (6), this can be easily checLed , thus m our case the 
true held for an 8 inch pipe would bo 01286 X 1600 = 20 57 
feet instead of 20 feet , but, of course, in most cases 8 inches is 
near enough for practice 

(8 ) 3rd To find 6, having H, L, and rl given Dmdc tho 
given head of water in feet by tho given length m yards, and tho 
nearest number thereto m the Table, under the given diameter, 
will be found opposite the required number of gallons Thus, 
to find the discharge of a T-inch pipe 3797 yards long with 45 
45 

feet head, see (6), wo have * 01185, and loolong for this 

under 7 inches diameter, wo find it opposite 220 gallons, tho 
discharge sought Again, for the discharge of a 10 inch pipe 

40 

3000 yards long with 40 feet head, we have s* 0183S , 

and the nearest number to that we find to he 01884 opposite 
5S0 gallons, tho dischargo sought 

(9 ) 4th To find L, having H, G, and d given Divide tho 
given head by tho head for ono yard found m tho Table under 
the given diameter, and opposite the given number of gallons, 
and the result is the requited length Thus, to determine the 
length of 4 inch pipe to consume 13 feet head with ISO gallons 
per minute, wo find under 4 inches and opposite 130 gallons 

0670 the head for one yard, and hcnco = ITGyaidSjtbe 
length sought 

(10 ) To avoid a needless extension of the Table, w© have 
given only the principal ntanbers from 1 to 00, and from 1000 
to 100 000 gallons, leaving <ho intervcumg numbers to bo sup- 
plied from tho body of the general Table In order to do this, 
it should bo observed that tho head vanes os tho square of the 
discharge, so that, for instance, ten tunes any given discharge 
will require 100 times tho head, &c^ dc. Thus, with 100 gal- 
lons, tho Table shows tliat a 6 inch pipe requires 01817 foot 
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head per yard, then with 1000 gallons the head would he 

01317 

01317 X 100 = 1 317 foot, and with 10 gallons = 

0001317 foot The application of this principle to any case 
in practice is very sunplo say wo require the head for S3 
gallons vatli a 2^'mcli pipe 600 yards long Not finding S3 
gallons in the Table, we tate 330, tlio head for which is 4 68h, 

therefore for 33 gallons it will bo ~ = 04589 This m-iy 

bo checked by the skeleton Table, which shows that 80 gallons 
require 03792 and 40 gallons 0G742 foot , so that 04589 
looks about right for 33 gallons Then the head required in 
our caso is 04589 x GOO *= 27 634 feet 
Again say wo required tho head for 2800 gallons with a 
15 inch pipe 500 yards long Hero wo must tako the icid 
for 280 gallons from the Toblc, which is 0004248 for 2800 
gallons, therefore, or 10 times tho quantit}, wo should have 
* 0004248 X 100 SB 04248 foot Checking this by the skeleton 

Tablo wo find 0487 foot for 3000 gallons, showing that 04248 
foot for 2800 gallons is about right Henco tho bead sought 
1 % in our case, 04248 x 300 « 21 24 feet 
Tho sinio prmcip o may bo applied wben tho discharge is tbo 
unknown quantity , thus, to find tho discharge of a 2} inch pipe, 

17 

700 yanls long with 17 feet head, wo have = 02423, 

winch, by tlio skeleton Tabic, is somewhero between 20 and SO 
gallons now, looking m the body of the Table between 200 
and 300 gallons for tbe same figures (uegKctmg oltogcthcr for 
tho niomeiit tho position of tho decimal jlacc) ne find that tho 
Heart to 2128 is 2127, which is opposite 210 gallons, 21 gaU 
Ions 18 tlicrtf )ro Iho true distharge. Agiin, to find tho discharge 
of a pipe inch diameter, 200 yards long, witli 4 5 feCt heal, 
4 6 

wo have *= 0225, ahieh, l»y Table, is between C and 7 

gallons, now, looking IfCtwecn 600 anl 700 gallons, tvo find 
the pcartst to Ik. 222 opisipitc CIO gallons, and as we know l^jt 

c 
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tlio true discliarge is between 6 nnd 7 gallons, wo infer tliat the 
exact quantity is 6*4 gallons, &c, d.c 
(11 ) 1 ho Srtl illustration in (8) for finding G may bo ex- 
tended 60 as to give a useful general view of the discharge of 
different sized pipes with tho eamo length and head. Thus, we 
found tho tabular number for 3000 yards long and 40 feet head 

to bo = '01333, and looting for this Buccessively undes 
different diameters we find that 

A 6-inch pipe dischat^cs 160 gallons per minuto 
„ 7 
« 8 

„10 

»12 

(12 ) “ Head - /or Velocity of Entry ’’—To tho head thus found 
by tho preceding rules and Table, that duo to Tolocity of entry 
has m all cases to bo added, as explained in (4) When tho pipo 
IS of tho common form, with square edges, as m Tigs. 3 and 4, 
Table 2 gives tho head for Telocity direct For very long pipes 
this 18 so small in proportion to tho head duo to fhction, that it 
may in such cases bo neglected, and we have omitted it for that 
reason in tho preceding lUa&trations , this, we found m (5) and 
in (6) that with 320 piUons, by an 8 inch pipe 3 157 yards long, 
the he.id duo to friction alono ivas 44*46 feet By Table 2 it 
will bo seen that the bead for velocity at entry is rather less 
than 2 inches, so that in such a ease it may be neglected But 
when a pipo is very short, tho head duo to velocity may bo 
much greater than that doe to friction, and tho most serious 
errors may be made by neglecting it Say we had an 18-inth 
pi])e, 20 yards long, ibscharging SOOO giBons By Table 8 tbo 

fnctioiiis 019Gx20« 392 foot, and tho head duo to velocity 

by Table 2 is G inches, or 5 foot, being more than that duo to 
friction, Ro that tho total head is 392 + 5 = '892 foot 

(13) "'ftTicn, with a a cry short pipe, the head is given and 
the dibchargc has to bo culenlatcd, tho ca^c does not admit of a 


235 

330 

440 

580 

900 



I.0«3 oy nE.VD BT BE\T)3 


Eimplo direct solution, bocaoso xro cannot tell beforeband u> 
wbat proportions tbo total bead at disposal has to bo divided 
between overcoming friction and generating velocity Vto must 
for such eases, apply a useful general law (27), nbicb may bo 
stated as follows — “ The disehargeby anij pipe or genes of pipes, 
IS proporlicmeJ to tie square root of the head, ' "nd conversely, 
‘ The head ts proportional to the square of tie disci arge, ’ and 
these laws ore true in pipes with bends jets, contractions, dc 
Thus, say wo require tbo discharge of ft 12 inch pipe 5 yards 
long with 10 feet head Assume a discharge, it is unimportant 
whether the assumed dischai^o is near tho true quantity or not, 
or whether it is too much or too little Say, m our ease, wo 
take it at 1000 gallons per niinntc, then by Table 3 tho head 
for fnction is 01653 x 5 = 082C5 foot, and tho head for 
velocity 18 , by Tablo 2, about 4 inches, or 333 foot, malong a 
total of 082C5 + 333 » 416C5 foot, instead of 10 feet, tho 
head at disposal Then applying the law just given, wo have 

1000 X ,'TO 1000 X 3 162 .... ,, . 

— c j = 4905 gallons Now, if in 

V 41665 6147 " 

this caso tho head duo to velocity had been neglected, the dis- 
charge by Table 8 would bo = 2 0 = 11,000 gallons, which 

is moro than double tho true discharge The Table 2 gives the 
greatest possible facility for making tbo calculations of head due 
to velocity, which should never bo overlooked in eases where 
tho pipo is short 

(14.) “ Loss of Hcadh/ Bends — ^Thereis another source of loss 
of head m pipes — namely, change of direction or bends Tho 
best formula for calculatiog this loss is that of Weisbach, 
which may bo modified into the following — 

H=( 1314.(1 817K(i)5}x^. 


and V’ ! 


9cox n 


\ 131 


+ (1817x(^)i}. 
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In wliicli H = tlio licatl due to cliange of duection, in incheB 
r = xftdms of the boro of tho pipe, m mclics 
II = mlins of tlio centre Imo of tho bend, m inches 
Ip s= angle of bend, in degrees. 

T = velocity of discharge, m feet per second 


Thus, say 'wo rcQUiro tho loss of bead by a bend of 9 inches 
radius in a 6 inch pipe, disdiarging 800 gallons pernunute, mlh 

an nnglo of 55° A C inch pipe containing roughly ~ ?= 1 2 


800 

gallon per foot run the velocity of discharge will bo 
~ 11 1 feet per second To find t * 


we have « 


3333 


Then tho log of 8333 * 1 522835 
7 

2)4 659845 

a" 329922 = 02137 = (-|y* 

TUen I 131 + (1 84T x 0213 t| X = 1 2 inch 

the head required 

Table 4 has been calculated by tho second foxinuln. The first 
part IS adapted to bends of the radius usually met with m 
practice this may vary slightly with different maLcrs but not 
so much as to affect the result seriously Fig 6 gives the pro- 
portions of the 8 inch bend os on jUustrataon The second part 
of the Table gives the loss by gMcJ bends of tho proportions 
given by Tig 7, which are sometimes necessary in special c-vses 
they are commonly named elbows 

Table 4 requires but little explanation, it shows for instance 
that an ordinary 8 inch bcud with 18 inches radius consumes 
3 inches head when passing 1970 gallons per mmnte, but a 
quick 8 inch benl with G indies raoius consumes 12 inches 
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head ^vlion jnssing nearly the same quantity, or 1950 gallons, 
and these, it should bo observed, ore the heads due simply to 
chantjG of dijcclion, and do not include the head duo to velocity 
or to friction Thus, for instance, if the quick 8 *mch bend 
had a length of one yard, the head for friction by Table 3 
(say for 2000 gallons) would be 5 foot, and tbo head for 

velocity at entry by the rule m (3), namely ^ ^ 3 ^ = H is 


/ 1950 Y 
(, 8 ^ X I3J 
bend of 


= 6 48 feet Thns we have a total for such a 

1 0 feet for change of direction, 

0 5 „ for friction, 

5 48 „ for velocity at entry, 

C 98 „ total 


Again, in a C-inch pipo carrying 800 gallons, the Table shoirs 
that each common bend causes a loss of 1 ^ inches head, and 
each quick bend a loss of 5 inches, Ac The Table is arranged 
for bends of 90®, or quarter bends, ns they are technically 
named, hut it is applicable to any other angle, for the loss of 
head is simidy proportional to the angle, the radius being the 
same , thus, a half-quarter bend of 45®, or ono-eigbth pait of a 
circle, consumes half the head of a bend of 90®, and a bend of 
180®, or half a circle, takes double, Ac , Ac 
(16) '^Discharge of Covipound Water vtoins" — Wlicn a long 
mam is compObcd of pipes of different sizes, as is very frequently 
the ease, tbo bead for each must bo separately calculated, and 
the sum total taken Thus, if wo required 800 gallons per 
mmuto through a mam 1200 yards long, composed of 800 yaids 
of 7 inch, 800 yards of C mch, and 100 yards of 5 inch pipe, the 
head n ould bo — 

TaUe 3. 

800 gallons 7-incli = 022 x 800 = 17 C feet head 

„ „ G , = 017C X 300 = 14 28 „ 

„ „ 6 „ = 1185 X 100 11_^ „ 

4S 73 total 

If there were bends in tbo pipes we must add tbo head for 
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tliom from TaWo 4, but it will Iw fooud, as la tho case of head 
for velocity, sco (12), that with long mains tho effect of bends js 
very smalL Say wo had 

4 common bonds in the 7-mcb, each -J-mch head = ^ inch 


3 quick „ „ 

7 „ 

i „ 

= u 

2 common „ „ 

c « 

” 1 '■ 

= i 

2 quick „ „ 

0 ,, 

» T » 

= H 

4 common „ , 

^ » 

« } >» 

= 

3 quick „ „ 

Q 

„ li „ 

— i 1 

- 


Total 10} inches 

Thus, even for snch a largo nomber of bends, tho loss of head 
IS Only 10} inches, or 875 of a foot, so that tho total loss is 
43 73 + 876 = 44 C05 feet 

(10 ) When, with such a senes of pipes tho head is given, and 
tho discharge has to bo dotcnnincd, tho caso docs not admit of 
a direct solution, because wo cannot tell Icforohand in nhat 
proportions tlio given head most ho divided otnong tbo different 
pipes Wo must in that caso follow tho courso oiplaiaod in (13) 
thus, say wo rctjuircd tho discliorgo with 80 feet head by a mam 
2000 yards long, composed of 1200 yards of S-inch pipe with 
four common bends in it , 700 yards of C-inch pipe and three 
bends , and 100 yards of O'-mcIi pipe, with two common and two 
qnick bends Tho first thing to bo done is to nssumo a dis- 
charge, and calculate tho bead for that, as was done in tho last 
cxamplo, it IS unimportant whether tbo a«suinod discharge is 
near tho tnio quantity or not Say in our caso we taho it at 
400 gallons Then 


400 gallons 8-inch pipe « 02 X 1200 = 21 OLcaJ 

„ C „ « 0S3 X 700 a 59 5 „ 

„ 5 „ = 21 X 100 = 21 0 „ 


Camod firward 101 5 



24 EFFECT or coMonn or sectiov on ttater-'hins 


Dronglit/ormircl . 101 5 feet 

Tnch Ind ]□ b 

4 common bends in 8 cacb ^ x 4 =: ^ bend 

^ » „ C „ 4 X 8 ST 14 „ 

•2 » » 5 „ J X 2 = l] „ 

2 quick „ 6 „ 3 X 2 = C „ 

d; = *8 foot 

Totil loFl feet 

riius uo find tbit for 400 gallons we require 105 3 ftct Iicid 
instcul of 30 feet, the bead gixen, Iben by tbo rule in (13) 

L«vo = 213 Ballon., ft" rrf 

1^05 3 10 20 fa » 

discbargo sought Turtber lUostrations mil bo found in 
Cbaptor IT 

(17 ) “ of Contour of SccUon ” — Tie contour of tbo see- 
tton of tbo Imo of pipes is a matter of some importance Tbo best 
condition, ubon tbo pipe is of uniform (Immctor from enii to end, 
IS, of course, a uniform slope tbrongboot Tbis, boTrercr, can 
rarely bo obtained, tbo pipe baring to foUoir tbo contour of tbo 
ground, as in Fig 9. If n number of open topped pipes wore in- 
serted nnyvi hero along tbo main, as at A, B, 0, D, itc , tbo water 
would rise in them to tbo IotcI of tbo oblique line J E, which 
in tbo case of n pipo of tbo somo boro from end to end, would bo 
o strfljgbt lino us shoira , tbis lino is termed tie ht/drauhe » icon 
grodtenl Now, the vertical distance from any point in that bno 
(say the top of E) to tbo level lino K 3f, will give the head for 
fiiction between E and K, aud the vertical distance from tbo 
same point to the level Imo 3 L will give tbo friction between 
E and J we have hero supposed, of course, that the figure is 
correctly tlraivn to scale 

(18 ) "When, as in Fig 11, tbo pipes aro of different dinmefcrs, 
then eacli would have its own gradient, showing at every point 
tbo lo^s of head duo to that particular pipo as in the figure No 
loss of effect will ariEo from the pipe folloinng tbo section of 
tbo ground, so long as Ote contour of the dees not a/girhere 
along the line rtso above (he hgdiauUe mean gtadient Tbn<!, m 



crrccT or covrocn or bection ov WATcr^jiAiss 25 

Fig O.wlicTo tlio gronntl is much l>rohcn,l)ut docs not onjT')icro 
alvjro tljo gradient, tlio dischargo will Iki tlio gatno as by a 
pipo mth ft uniform flopo. 

(ID) Dili if,ftsinrjg 10,0 lull, fts ot B, rises IngJicr thin tho 
p^icnt, then tho pi|io from 0 to D will bo in ft stafo of pirtiil 
■vacnnin, air mil Ixj gircn out by Iho water, ftnd will accuroiilato 
ftt the pnmiait, ond being driven forward by tlio wiilcr from 0 
to B, will rcmiin permanently to tho pipo from B to G, occupy- 
ing tho npper part of tho pipo while tho water tricLIes down tho 
loucr pirt fts in ft trough or open channel, and tho vertical hci 1 
from B to G la lost, tho hydraulic gradient being now from 
A to B from D to G, and from G to F, this last being pimllcl 
to that from A to B, or at tho eamo anglo mth tho horizon 
Tho discharge at F will thereforo ho, not tho amount duo to the 
head £, r on tho length A, F, but that duo to tho head £, B on 
the length A, B 

(20 ) In tlua case tho 6 t 20 of tbo pipo should not bo nnifonn 
from end to end from A to B it ahonld bo of largo dtameter, so 
fts to deliver at B tho reumrcd quantity with tho head E, B , 
find tho pipo from B to F may bo of smaller diameter, so as to 
dcliTcr tho samo quantity at F with tho headH, F Say wo 
talko a caso with tho length A, F s= 5000 yards and heail E, F = 
20 feet, and that tho JongUi A B « 2400 yards, and the head 
E, B a 10 feet, and that 500 gallons wero required fit F. With 
00 

uniform slopo wo should bavo ^ which, by Table 3, 

IS a O.mch pipe, or rather less for a 9-inch pipo would deliver 500 
gallons with 01742 x 5000 s= 87 1 feet But for tho delivery 

fit B with 10 feet head, and a 9 inch pipe, wo hive a 0041C7, 

which by Table « 24^ gallons only, instead of 500 , and, of 
course, tins is oil wo should get at P with such an arrangement, 
for whatever tho size of tho rest of the pipe from B to F might 
be, it could not deliver more than it received by tho pipo A, B 

The pipe from A to B ^ould ho a 004107, by Table 3 
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= n 12-inch r^po> P*P<^ from B to F Le « 

’ 2G00 

• 03077 = an 8«incii pipe by Table Xi'c may ebecl. these 
i-esults thus — 


BpT*lIeA Leni;\i JJead. 

12-inch pipe, 500 gallons =: 00413 x 2400 = 9 912 feet 
8 „ 600 ft 0314 X 2C00 = 81 C4 „ 

Total 


Thus wo liii8 the oiact Lead to bo a little more than the head 
at disposal, but an most cases the agreement is near enough for 
practice 

(21 ) When a long main is composed of differtut sizes of 
pipes and pisses orer uncTcn ground the best course is to draw 
the gradients on tho section of the pipes so as to eec at a glance 
that nouo of tho hill'tops rise above them Fig 11 is a case in 
uUich, ’ll uh a fall of 232 feet, wo have a 10 inch mam 4000 yards 
Jong, an 8-anch mam 3000 yards Jong, and a O-aneh mam 2000 
\nrds long To dmdo the given fall in tho projicr pjoportion 
between tho di^crcnt pipes and so find tho gmdieuts, let ns 
assume that 100 gallons are delivered, then 

Br T«We X l«nsili A 

100 gallons lO-inch « 000111 x4000 ft 1 C44 Act head 
„ 8 „ ft 001256 X 3000 a 3 76S „ 

„ G „ ft 005232 X 2000 = 10 584 „ 

15 990 total head 


Xon, whatever the real head may be, at •could have to be 
divided among the several pipes m the same proportions ns for 
, 232 

100 gallons in Col A, and as tho head m our case is ~ 

14 501 times the total head for 100 gallon", it fidlocs that the 
real head for cicli pipe will bo 14 504 times the head fur tho 
same pipe m Col A , thus the true head 


E. B for the 10 inch pipe mil Iw 1 611 x 11 501 = 23 ci feet 

r,C„ S „ „ S 7tS X 11 bOl = SJ lo , 

G, D „ C , „ 10 S'il X 11 501 ft ISn 51 „ 

23i 00 

I 
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We C'xn now draw the gradicoU ou tlio section as in Fig 11, 
and then if tbo contour of tlio ground la below them tlirouglioiit, 
all IS well • Tho discharge at D may bo calculated from any 

one of tho pipes , say wotahotbo8-mcU, then^^j^ = 01822t= 
about 380 gallons by Table 3 

(22 ) “ i^ciaZ Cases ” — Tbero aro many eases for tho solu- 
tion of Vrlncb no general rules can bo gircn — they rcquiro 
rca«3uing, with the assistance of rales Tho following eases 
may bo useful — Say that with pipes, arrangetl as in Fig 12, 
wo rc<iuire 60 gallons at B, and 100 gallons at A, and liavo to 
detcmiiDO tho sizes of the mains If wo assume 3 inches for II, 
the head for that sizo would be 0423 x 1 CO = C 77 feet aboi o 
tho level at B, and as that point is 8 feel (or 18 — 10)obo\otho 
level at C, wo have at this last point tho head of C 77 -f* 8 
s 14*77 feet to deliver 50 gallons at B Kow, as A is 26 — 
18 « 7 feet below C, tbo head on A will bo 11 77 -f- 7 » 
21 77 feet, and to Cud tho size of pij*© with that head fc r 100 
21 77 

gallons, wo havo ■ — « 0371 = a 3J-tnch pipe by Table 3 

^^o havo non only to fix tho fizo of the pipe D to carrj 60 -f 
100 a 160 gallons mo f uud the head at C nocc«yyirj f r iht 
jipcs 11 nnl r to bo 11 77 fi'ct, haaing tlcrcf ro only 18 — 
14 77 = 3 23 Act for the friction 1 f 1) mil from this ml Ci I 
3 23 

= 01077 = a C*uich pijKj by Table 3 
(23 ) Tnho another ca«o »‘hown I j lig 13 an 1 rav tljt tre 
nsjuirL tlic lion 1 at I) 1 1 d< Im r COO gall iii at I 1 v tl e f 
and d ml A lino t f J ijs < , aImi I > f i I wl at j n 't a < f tJ o 
r00gin(n«ivai.«<a \\ tl inolraml.i. \,V 11 m 1 \,B. Ixt 
ns awiino that till i tj* C, B csrn« * U»1 pall *, lh<ai l*-o 

1 oa I at A f r tl at qua! tita m iH K — 

lOOOnlhiia 12 nub 1 1« «. Plf' J X liw - !*> St l^a.1 
„ y „ ^ l*f 7 V ^ T( 

7 t 

• n IT n 1. 1 x\ t .f t*‘ ► - • K • /p* 1 u 

t C I . I Knl *. l_ 



28 


DEUTERT AND SDOTION-PIPES TO PC3IPS. 


And TTith thnt head at A, tho jape A, B would at the same time 

73*94 

deliver a *0778 *= 790 gnllons by Table 3; so that the 

two sets of pipes deliver at B 1790 gallons with a head of 
73 ' 94 feet at A, and thcreforo (13) to deliver the GOO gallons 

reepured would take Then, the 12- 

luch pipe from D to A would require for 600 gallons *00395 X 
1100 = 6 545 feet head, and tho 9-iach pipe from B to E, 
•02509 X 400 10 030 feet j thus the tot'll head at D will bo 

6 545 -h 8 3+10*036 = 24 881 feet. The pipe A, 0,B will 

cany — w 336 gallons, therefore the pipe A,B must 
take tho rest, or 264 gallons. 

(24 ) If the head had been given, and the discharge duo 
thereto had to be determined, we must bavo calculated tho head 
for au assumed discharge, ond then applied tho rulo in (18) to 
find tho real discharge with the tcuo head. Thus, say that with 
the same arrangement of pipes, wo require tho disehaigo at S 
Tkith 45 feet head at D. If uo assume 600 gallons, wo 

, , 600 X 

shonid find 24 881 feet head as in (23) : then — " or 
' ' \'^24 881 

= 807 gallons, the disehargo at E -adth 45 feet 

head at E, d'a 


(25.) Delnery and SvcUon-pi^ to Pumps — In calculating 
tho sizes of pipes to pumps, jt should bo remembered that the 
action of a pump is intenmllcn^ especially nhcro there is no 
air-vessel to equalize the velocity of supply and discliarge. Bay 
wc have n single-acting pump 2 feet diameter and 2 feet strobe, 
uorked by a crank, Ac., makmg 16 revolutions per minute. 
area of tho pump being 3 1116 lect, wo should liaro 3*1110 x 
2 X 16 = 100 gallons discharged i«r minute; but uhilo tho 
bneket is dcpcendmg ibt delivery is no/Aiwy, and it rises to a 
maximum when the buibtt wot the centre of its n2>*strobe, wLcro 
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it ias tto velocity of tLo crank pm , tlius m onr case tlio cranh- 
path being 2 feet diameter, or 6 28 feet circumference, tlie 
manmum discbarge nt that moment is 6 23 x 16 x 3 1416 = 
314 gallons, and tUc pipes must bo calculated for that quantity 
instead of 100 gallons, the mean discharge In most cases, an 
air vessel js used, which rooro or lc«s effectively regulates and 
equalizes the velocity of discharge . where tho suction-pipe is 
a long one, an air-vessel ^oold bo provided for that also 
Table 5 gives the vanaljon m velocity in different kmds of 
pumps without air vessels. 

Tauu: 6 — Of the Velocity of Disco ceoe by Pusiw witlocx 

Air VESSELS 


Vtlooty &{ llKbAfet. 


1 

1 yxt. 

X»a.t 

itm. 

txrwBC. 

Ono singlfrftetiBj pomp, woried byl 

SCTSiUk f 

Two ditto, worked by cracks at tJsbt| 

One §otbl&<ictiB 5 pump ■ 

Three-throw single-actiDs 

Fo« siasl^actins or two douWe-V 
acting: f 

. 3H 1C j 

100 j 

000 : 

I SU IG 

222 00 

100 1 

000 j 

1 22" 00 

Ia7 OS 1 
lot 7C 

111 00 j 

100 1 
100 i 

100 j 

000 j 
00 CO ] 
7S 1 

1 

1 lo" 03 
li 07 

1 S'* 21 


This Table shows that the common 3 throw pmap has o more 
uniform discharge than any other, tho maiimnin velocity bemg 
under 5 per cent in excess of the mean , on air-vesscl is hardly 
necessary for such a case, in fact largo pumps throwing GOO 
gallons per mmulo have been worhed for many ycaw 6uece«s- 
foUy vnUiout any air-vcsscI 

(2G ) Scmcc-pipci »n JWas’'— Tho sizes of street semeO" 
pipes for town Bupphes cannot bo calculated by the ordinary 
rules we may pursue another method. Certain circs t f Icatl 
Bcme^ varying with the sizes of tho houses supplied hare l-t-en 
found necessary by erpenenos. For ordinary ca^s vatli lutcr- 
miltcat supply we may admit that ^-ineh pipe will cufScc for a 
house with GorTrooms, I uwdi for 10 rooms, J-inehf rlGrooms, 
and l-mch for eay SO rooms. TUc discharging power of long 
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pipes vanes, as the 2 6 potrer of tha diameter (28), thus 4*5-. 
32, and wo shaU therefore re<imro 32 l-inch pipes to deliver 
with the same bead and Jength the same quantity of water as a 
4-inoh pipe, and we may admit that a 4-mch main would supply 
32 l-ineh load services, &c Table 6 Js calculated on these 
principles 


Table 6 —‘Service Maiks for Wateb Suppet m Tow>3 



Xiiaaeter of Ini Serrices 


, 




Braoeb Mami. 


* 




Aomber oTHcoisca $ pplied 

1} 

15 

9 

6 

a 

2 

32 

18 

12 

G 

21 

56 

82 

20 

10 

3 

88 

50 

82 

15 

Si 


74 

47 

23 

4 


104 

CC 

32 


“ Genera? Zaiw /oi Pipes ** — The following general statement 
of tbo laws governing pipo questions may bo useful some of 
these laws apply strictly only to long mams in which the bend 
duo to velocity may bo neglected 

(27 ) When d and Z are constant, tbo discharge, or G, varies 
directly as the square root of tho head, so that for beads an the 
ratio 1, 2, S, tho discharge would bo m tho ratio V2, and 
or I, I 414, and 1 732 

Conversely, — tho head is directly os tho square of tho dis- 
charge, so that for discharges in tho ratio 1, 2, 3, wo require 
heads in the ratio 1*, 2* 3*, or 1, 4, 9, &c 

(28) When II and L aro constant, tho discharge is directly 
ns tho 2 5 power of tho diameter , thus with diameters in tbo 
ratio 1, 2, 8 , tha iiischargo will ho id tho ratio 1*’, 2**, and 3** 
or 1, 5 G, and IG G 

Conversely, — tho diameter wdl vary directly ns tho 2 6 root 
of tho discharge , thus for discharges in the ratio 1, 2, 3, tho 





nrrs — srcctAt. ronitci-K rosi lovt te-locities 


81 


diameter mil vary m tLo ratio and *^3, or 1, 1 32, 

aud 1*55, it 

(22) Wliea G and L arc constant, tlic head mil l« tnrersrlif 
as the 6tli power of the diatacter, fo that f >r diameters in tho 
rabo 1,2, 4, tho heads mil bo m tho lalio 1**2’, awl 1*, or 102 1, 
82, and 1 

CJoBTcrscly, — tho diameter mil bo mrcrscl} as tho 5th root 
of tho head, thus for heads m tho ratio 1, 2, 1, tho diameters 
would ho m tho ratio ^5^ and ^/i, or 1 32, 1 15, and 
1*0, do 

(30) When n and d axe constant, tho discharge mil bo 
inversely ns tho squaro root of tho length , thus for ^gths m 
the^ ratio 1,2, 4, tho discharge would bo m tho ratio 

•/I, or 2 0, 1 414, and 1 0, Ac 
Conversely,— tho length vanes inversely as tho square of the 
discharge, thus for discharges m tho ratio I, 2, 4, tho lengths 
troold bo in the ratio 4\ 2*, ond 1*, or 16, 1> and 1, Ac. 

(31 ) When G and d aro constant, tho head is directly and 
Simply as tho length , thus for lengths »n the ratio 1, 2, 8, the 
heads would also bo m the ratio 1, 2, 8, Ac 

(32) »nead for rcry Lots leloctliet ’—Table 8 gives tho 
greatest pOBBiblo facility for the calculation of pipe questions, 
as rosy be seen by tho examples »c have given, and for all 
ordinary cases tho results aro correct , but for very small 
velocities with low heads eay under one foot, Ac., expenment has 
shown that the discbargra arc less than that Table would give 
and for such cases Prony s more dilScult and laborious rule 
seems to give the most correct results The following rule is 
based on that of Prouy — 

Let d « diameter of tho pipe in inches 
K = head of water m inches 
L a length of pipe in feet. 

G => gallons per mmutc 

Then 

(10 253 X + OOTCS)*- OSIO) x x 2 01 = G 



32 ni-ES — SPECIAL BIJLE9 FOR LOW VELOCITIES 

Thus, say vro required tho discharge by a 12-inch pipe 3000 
feet long with 3G inches Lead then 

(l« SS3 X 00665)*‘--08Icj x 144 x 2 04 - 

427 4 gaUons 

We may compare this result with that by Table 3, or rather 
by tho mlo ^ which tho <bs- 

chargo cornea out 426 gallon/^ or jiractically tho same ns by 
Prony’s rule With a very small head, however, tho two ruhs 
do not agree , thus, with only one inch head, this snmo pipo 
gives 54*87 gallons by Prony’s rule, whereas tho other rulo 
gives 70 08 gallons, or 20 per cent more With a largo head, 
on tho contrary, Prony’s rule gives a rather larger disciargo 
than tho other Tho general comparison of tho two rules may 
bo showTJ by tho case of n lO-inohpijJO, 300D yardslong, tho 
calculated diechargo of which, with different heads, is given by 
tho following Table — 



(33 ) When tho head is tho tmknowu quantity, and tho rest of 
tho jiarticulars aro given, tho rulo becomes — 

10 553 

Let C5 take an cxtrcnio ease, m order to iHnstrato more fully 
tho special adaptation of Prony’s fonoulo to a cry low velocities 
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Say wo require tlio head for a 10 inch pipe 4000 foot long, 
discharging only 20 gallons per minuto then 


(OCT+ »81cJ-00605) 

16 853 


4000 
^ 10 


62C inch head 


Now, by Table 3, the head eomes out 00001646 x 1333 = 
02194 foot, or 263 inch only* so that in tins very extreme 

ease Prony’e rale giTes = 2 38 times the head by the rale 
in (5) or Table 3 

(34 ) Table 29 has been calculated by tho following modifi- 
cation of Prony s rale — 

(V+ 0810)’- 00665 Hxd 
196 24 *" L ’ 

In which d = diameter of pipe m mches 

V = velocity of discharge m feet per second. 

H s head of water in inches 
L s length of pipe in inches 

Table 29 has been calculated for small velocities only, because 
Table 8 gives results sufficiently correct for practical purposes, 
with higher velocities and is more facile jn application Wo 
have added opposite each velocity in Table 29 the corresponding 
discharge of pipes from 1 inch to 24 inches diameter, in order 
to ahndge tho labour ns much as possible For the use of this 
Table we have the following ral'*8 — 

(35 ) Ist To find tho discharge, having H, L, and d given. 
Multiply tho given head in inches by the diameter in inches, and 
diTido by tho length in inches, and find the nearest number 
thereto m Col 1 Then opposite that number, and under tbo 
given diameter will bo found the discharge m gallons per minuto 
Say, wo tato tho caso in (32) io find tho discharge of a 12 mch 
pipo 3000 feet or 86,000 mchos long with 36 inches head. Then 

— or nearest number to which in 
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Col 1 13 '01192, opposite to which, nod imdcr 12 inches 
diameter, is 427 gallons, tho discharge songht 
2n(l To find tho head, having G,L, and dgircn In Table 29, 
nndcr tho given diameter, find the nearest number of gallon's, 
and taho from Col 1 tbo number oppo'sito to it, wbicli nnmbcr, 
multiplied by tbo length in inches, and dividcil by tho diameter 
in inches, will giro tbo rcqmretl hcitl in inebes Thus, taking 
tho extreroo ease in (33) to find tho head for a 10 inch pipe 4000 
ftet long, with 20 gallons per nuuuto — Tho nearest discharge 
under 10 inches diameter is 20 45 gallons, opposite winch in 


Col 1 18 OOOlSll.andfromthiawoobtam 


0001511 X 48000 
10 


C43 met lioad tho exact head for 20 gallons wo calculated in 
(33) to bo G2C inch 

It should bo observed that Prony’s formola docs not inchulo 
tbo hcowl duo to velocity of entry (12), which for short pipes 
liecomca important It lias been omitted in tbo preceding illiis- 
tnitnns because with such long pipes ns wore given in our 
cases It is too small to aCfcct tbo rcanlt sensibly for instance, 
in tho lost case, tho head for rclocit} with 20 gallons per minute 

( ^>0 \* 
io6">ria ) 

foot, or yfjud of an inch only 


(3G ) '* Square and Peclanyular Pipre ” — Tlio case of s^inaro 
or rectangular pipes may bo nssimilaleil to that of round onM, 
and tho head or discharge may then bo calcnlaletl by tlio samo 
rules and Tables that wo Uwo given for tho latter Tho tiloetlj 
of discharge, xthatcrer may bo tho form of tho pipe or cimniicl, 
H j roportiorinl to tho liydranlic radius (57) or tho ficcliennl area, 
dirilwl by tho circumftrenco or jwnmeter in round pil'cs Ibia 
IS always equal to ono-fourtli of tho diamitcr 

b^y wo Iinvo a rvetangular channel 3 ft x 1 5fwt,rigS9, 
th'’ ana w 1 5 ft-ct, tho jwriinctcr 9 ftcf, nnl the hydraulic 

Twliws « G wlncU n tho avne os t! at of a roan I pipe 


5 X 4 c 2 feel diAinttcr TJiin to find tho heal for fnclioa 
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With etich a channel, say 100 yartls long, discharging 270 cuhio 
270 

foot per minato , wo have a Tdocity of = 60 feet per nunuto. 


or 1 foot per second, which, by Tatlo 29 is crjual to 1178 gallons 
per nunuto with a 21-mch pipe, and Ly Col 1 of thosamo Table 

= 005928, therefore H = — or in our case 

• _ 0059a8 X 36) ^ numrcd. Vo 


might hare obtained the head approiunately by Table 3, say for 
1200 gaUons = QQ0744 x (100 x 12) = 8928 inch 
We might also have calculated the head more directly by 
Table 30 — Opposite 5 the given hydraulic radius, the nearest 
velocity to that given, or 60 feot per minute, is 61 feet, which is 
under 15 inches fall per miJo, or 00852 inch per yard , hence 
for 100 yards the head is 00852 x 100 « 852 inch 

The head for velocity ot entry must bo added to that for fac- 
tion, and may be found by Table 15 thus, with a square edged 
inlet, the head for a velocity of 1 foot per second is given by 
Col C at 4th of an inch , the total head is thereforo 889 
*2S a 1 139 inch 

£y the application of the same principles, tho head, or dis- 
charge of a channel of any sectional form whatever may be 
determined. 


(37 ) ** Effect of Corrosion or Eusl in Eipes '’—The rules and 
Tables for calculating tho discharge of pipes aro adapted only to 
clean and even surfaces, such os aro commonly met with m new 
cast-iron pipes. But some soft waters contain a great deal of 
oxygen, which rapidly decomposes iron, forming rust, which is 
deposited, not in on oven layer, but in nodules or carbuncles 
These retard tho flow, not so much by tho redaction of diameter 
as hy tho alteration of tho (dioracter of tho surface A notable 
caso of this kind occurred at Torquay, whero a mam about 14 
miles long, composed of 14,267 yards of lO-mch, 10,085 yards 
of 9 inch, and 170 yards of 8-inch pipe, delivered only 817 
gallons per nunute, with 465 feet head Wo may calculate tho 
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djsohargo bj the method e 2 q)lained m (IS)* — Assaming 1000 
gallons, wo have bj Table 3 — 

Prictjoa of 10-ind) = 04116 x 11267 = 587 1 feet lead 
.. S> „ = 0697 X 100S5 = 702 0 „ „ 

,, 8 „ = 1256 X 170 = 21 3 „ „ 

1811 3 „ total 

And from tlus> tho cbschargo with the real head is — 4^ 7 ^ , ^2 2^ 

VlSll 3 

or ^ ^ - 595 gallona But by Prony’s nilo (32) fbo 

(lischargo cornea out 616 gallcms The cipeninental discharge 
317 

W 0 .B therefore only s 61 or 61 per cent of the theoretical, 

01 in round numbers tho discharge iras that duo to Jth of tho 
head so that jths of tho head was lost m undue friction An 
ingenious senper, suggested by tho late Mr Appold, and worLod 
by tho pressure of tho water, was passed through tho enfiro 
length of tho pipes, and subsequently hn improrcd ono by 
V? Fronde, Esq , was used with remariaWorcsults, tho dischargo 
being increased to 664, and eventually, by repeated scraping, to 
G34 gallons, iiluch is 18 gallons, or 3 per cent moro than tho 
theoretical quantity Errors of obsorvatiou, or in tho reputed 
sizes of tho pipes, may account for tho discrepancy 

Br Angus Smith a process, by which pipes aro coated all over 
with a block enamel, seems to bo cn effeclivo remedy ogainst 
rusting, such pipes hovo been used inth Torquay water for 
years without being affected Tho process is very cheap, being 
only about Us per ton for medium pipes, it can bo effectively 
np2 lied only in tbo process of casting, while tho pipes aro new 
and hot With such a smooth surliico as this process produces, 
tho discharging power must bo incrcnsctl in o higher ratio than 
tho cost, so that such pipes must really bo more ccononucal than 
any other 



yotrNTAixa— ttncuT or jrtTs vrrra givcv heads. 87 


0HiU»TJCn II. 

05 |•0r^■TA1^3, JETS, &.tX 

(38 ) ** JloQlit tf Jci» jTjrt ffircn HeaJ* '’—When water issncs 
Tcrtically {tomo nozzlojttsat J mFig G,it should thcorctwally 
Bttam tho height of tho head, and A should ho d^ual to H , but 
it has been found by cxXKinmcot that tho height of tho jet is 
aleraya less than tho head, a loss arising from tho rcsistanco of 
tho air Tho difference, or A', is found to mcrcaso with tho ab- 
eolato height of tho jet, and to dunuush mth an incrcoso in tho 
diameter There arc Tory few reliable expemnents on this sub- 
ject, and the Uwb indicated by those wo haro aro very mtneate 
The best cnpcTuncnts wo haTo aro giren in Table 7, and from 
thorn wo ilnd that A' increases nearly m tho ratio of tho square 
of tho head, so that if wo draw to scale the snccessiTo heights 
found experiment, os in Fig 14, wo obtain a curve which 
approiitaatcs to a parabola Thus, for a J-mch jet, as in the 
Figure, with ICO feet bend, tho jet wcrald have attamed tho 
height B, or 160 feet, if thcro had been no xesistnnco from the air , 
but it IS found 1^ expenment that it only reaches 60 feci as at 
D, therefoTO h’ * 60 feet js lost Again, with 80 feet head tho jet 
should have reached 0 = 80 feet, but the experimental height is 
only CO feet, ond, m that ease, A = 20 feet Thus with heads 
in the ratio of 1, 3* the loss is m tho ratio 1* 2*, or 1 to 4, being 
in fact 20 aud 80 feet 

(39 ) Experuaent also shows, that tho head being constant, A' 
vanes nearly m inverse ratio to the diameter of the jet , for in 
stance, we have just seen that with 80 feet head on the J-mch 
jet, 20 feet head is lost Then with a jet 1 inch, diaraetet tho 
\osswudii\)Daboutlft1etA,anlVittih<n^AiAftamci'Jt»ieet, Vat 
With a I-mch jet tho loss would bo about 40 feet, and tha height 
attained 40 feet, &c Thus we have the elements for calculating 
oppronmately the loss of head ftar any particular case, not 
p^ectly agreeing, perhaps, vnth tho true law, but tha bast 
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Table 7.-0/ E-^pemjievtb on £he HEranr of Jets with Diffeszk? 
Beads 


T>..Tn 

Head 

Height of Jet In Feet 


' XoMofHefghtby 


of Jet 




EWor 




to 

Inches. 

Jet is 
Feet. 

lisperl 

Calcn 

Esperi 

CsIcH' 


ment 

Isted 


meat 

IauA 



3C5 

2St 

2S2 


81 

83 

Chatswortb 

i| 

64 

61 

60 1 


3 

3 9 

Witley Court 


92 

84 

83 86 

-0 14 

8 

8 14 


115 

103 

102 3 

-0 7 

12 

12 7 



415 

109 

VFlWfl 

+27 0 

336 

309 

Tonpiay. 

i 

46 

43 

41 2 

~1 8 

3 

4 8 

Witley Court 

.? 

69 

62 


-3 0 

7 

10 0 

,, 


92 

77 

74 4 

-2 C 

15 

17 6 

,, 


115 

93 

87 5 

-5 5 

22 

27 3 

,, 


lil 

98 

09 G 

+1 6 

43 

41 4 

• • 


162 

106 

107 S 

+1 3 

56 

54 7 

■Vreisbeeh 


15 

14 25 

14 44 

+0 19 

0 75 

0 56 


80 

27 81 

27 75 

-0 06 

2 19 

2 25 

(» 


45 

39 42 

39 94- 

+0 52 

5 58 


• I 

,, 

CO 

48 36 

51 00 

+2 64 

11 64 


• « 


15 

14 01 

14 00 

+0 02 

0 96 

0 94 



BiTtI 

BnWl 

26 25 

-0 19 

S 56 

8 75 

,1 


VT1 


8C 56 

+0 38 

8 62 





42 96 

45 00 

+2 Ot 

17 04 

15 00 

TPitley’Court 

,, 

32 

27 

27 7 

+0 7 

5 

4 3 


46 

36 

37 2 

+1 2 

10 

8 8 

,4 



55 

57 4 

+2 4 

40 

87 6 

t 



63 

CO 0 

-3 0 

65 





19 

21 9 

+2 9 

9 6 


• 



SO 

so 0 

0 0 

34 0 


” 


approrimatioa we can obt-un this js o subject on winch more 
expenmcntil information is very desirable Table 8 gives tho 
hoight of jots with different heads, and is calculated by tho 
following rtilo • — 

h'=^X -0125; 

In which H = tho head on iho jot in feet. 

„ A’ ss tho difference between tho height of head and 
height of jet 

„ d w diameter of jot in -Iths of an inch. 
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Table 8. — Of the Height of Jets with DiffereisT Heads. 


DuifREft or Jn cr Ischzs. 


Jet 


* 

^1 

* 

* 


■J 

U 


1! 

2 

Feet. 





HsiciiT or 

Jr nr Feet 




10 

8-75 

0-37 

9‘G 

9-7 

9-75 

9-8 

9-84 

9-875 

9 

9-91 

9-92 


rail 

I7’5 

18*3318'75 

19-0 

19-2 

19-4 

19-5 

19-6 

19-6 

19-7 



^t-4 

20-25 27-2 

27-75 

28-3 

28-6 

29-0 

29-1 

29-2 

29 3 

40 

20-0 


33-3 35-0 

86-0 

87-0 

37-5 

38-0 

38-3 

3S 6 

38 7 

50 


34-4 

30-0 

42-2 

44-0 

45-0 

46-1 

47-0 

47-4 

47-8 

48-0 

f.O 


37*5 

45-0 

48-7 

51-0 

52-0 

54-4 

55-0 

56-2 

5C-6 

57-0 

70 


30*0 

50-0 

55-0 

530 

CO-0 

C2-4 

040 

65-0 

C5-6 

C6-0 

SO 


40-0 

53 0 

10-0 

G4-0 

C7-0 

70-0 

72-0 

73-3 

74-2 

75-0 

ESI 



50'0 

;5-o 

70-0 

73 0 

77-0 

£0 0 

81-6 

83-0 

81 0 

100 



58'0 

uo 

75 

79 

81 

87 

90 

91 

92 

120 



60-0 

75 

84 

90 

97 

102 

105 

107 

109 

140 




79 

01 

99 

109 

no 

120 

123 

125 

ino 




iO 

06 

106 

120 

128 

133 

137 

HO 

180 





09 

112 

129 

139 

141 

151 

155 

200 





100 

lie 

137 

150 

153 

ICC 

ICO 

220 






119 

145 

159 

105 

177 

182 

240 






120 

ISO 

ICS 

180 

189 

105 

200 







155 

175 

190 

200 

203 

m 







159 

182 

198 

219 

219 

300 







ICO 

187 

200 

220 

230 

S5U 








103 

222 

241 

255 

400 








200 

233 

257 

275 


(40.) It is a result of this rolo, that each p.'irticular sizo of 
jet attains its maximum height with a certain head, and that if 
the head is increased bejond that point, the height of jet is not 
increased thereby, hut is actually diminishctl. This result is 
anomalous : it may bo that on cxccssiro head breaks tho issuing 
stream into spray and caa«iOS it to meet with more rcsistanco 
from tho air than a jet of solid water issuing with a moderate 
head. Experiments with ciccssiro heads show an enormous 
loss : thus a jet 1 inch diameter with 445 ftet head, reached a 
height of about 109 feel only, as measured by a theodolite. 

Our rule gires tho loss h' « x '0125, or x ’0125 
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Table 7.— Of ExpEBiiiENrs on the Height of Jets with Diffebeit? 
Beads 



Head 

Height of Jet In Feet 


Loss of Height by 


ofJet 








in 

Inches. 

Jet in 
Feet 

Lxperl 

Calcu 


Expert 

Calen 


ment 

lated 


ment 

lated 


2i 

SC5 

284 

282 

feet 
~2 0 

61 

83 

Chatsworth 

1| 

64 

61 

60 1 

-0 9 

S 

3 9 

Witley Court 


92 

84 

83 86 

-0 14 

8 

8 14 

, , 



103 

102 3 

-0 7 

12 

12 7 

Torquay 


445 

109 

136 0 

+27 0 

336 

309 

A 

46 

43 

41 2 

—1 8 

3 

4 8 

Witley Court 


69 

62 

59 0 

-3 0 

7 

10 0 

,, 


02 

77 

74 4 

—2 6 

35 

17 0 

t 


115 

93 

87 5 

-5 5 

22 

27 5 

, 

,, 

141 

98 

90 6 

+1 6 

43 

41 4 

»* 


162 

106 

107 8 

+1 3 

56 

54 7 

Weiibaob 

g 

15 

14 25 

14 44 

+0 19 

0 75 

0 56 


sn 

27 81 

27 75 

.0 06 

2 19 


>• 


45 

39 42 

80 94- 

+0 52 

5 58 


I) 


60 

48 36 

51 00 

+2 64 

21 04 


*» 

1 

15 

14 04 

14 0$ 

+0 02 

0 96 

0 01 

If 

80 

26 44 

20 25 

-0 ID 

3 56 


• > 


45 

86 18 

86 50 

+0 38 

8 82 


• 

- 

60 

82 

42 96 
27 

45 00 
27 7 

+2 01 
+0 7 

17 04 

5 

15 00 

4 3 

TTitley'Court 


46 

86 

37 2 

+1 2 

10 

8 e 

M 



55 

57 4 

+2 4 

40 


*» 


118 

63 

GO 0 

—3 0 

55 

58 0 

> • 



19 

21 9 

+2 9 



•* 


64 

SO 

30 0 

0 0 

34 0 




approximation we can obtain • this is a subject on which 
experimental information is very desirable Table 8 gives e 
height of jets with different heads, and is calculated by e 


following role — • 

i'= -0125; 

a 

In which H = tho head on the jot m feet 

,, h ~ the difference between tho height of head an 
height of jet 

„ d = diameter of jot in -Iths of an inch 
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Table 8 — Of the Height of Jets \nth DirPEnEsr Hexd'^ 


J«t 

» 1 

1 1 


Jj 


! 1 

LlJ 

i 1 

1 H 

1 'i 


Fwt. 

IIuaoT or Jet b Fect 


«75' 

1 

9 37 

9 6 

9 7 1 

9 75 

9 8 

9 84 

9 875 

9 9 

0 91 

9 02 


15 0 

17 5 1 

18 3318 75, 

19 0 

I 19 2 

19 4 

19 5 

19 0 

19 0 

19 7 


19 0 

24 4 


27 75 

2S 3 

23 0 

29 0 1 

29 1 

29 2 

29 3 


20 0 

30 0 

33 3 

35 0 

SO 0 

37 0 

37 5 

33 0 ' 

38 3 

SS 0 

33 7 

50 


31 4 

30 6 

42 2 

44 0 

45 0 

40 1 

47 0 

47 4 

47 8 

48 0 

60 


37 5 1 

45 0 

48 7 

51 0 

52 0 

51 4 

55 0 

50 2 

50 C 

57 0 



30 0 



53 0 

CO 0 

62 4 

64 0 

65 0 

05 0 

G< 0 

SO 


40 0 ' 

53 0 

00 0 

6( 0 

C7 0 

70 0 

72 0 

73 3 

74 2 

75 0 

90 



5n 0 

65 0 

70 0 

7J 0 

77 0 

80 0 

81 0 

83 0 

81 0 

too 



53 0 

69 

75 

79 

81 

; 87 

90 

91 

02 




60 0 

75 

84 

00 

97 

102 

105 1 

107 

100 





70 

01 

99 

109 

no 

120 1 

123 

121 





80 

90 

100 

PO 

128 

183 1 

137 

140 






0<0 

112 

129 

139 

141 

151 

155 

200 

„ 




100 

110 

137 

150 

158 ' 

IGG 

ICJ 

220 






119 

145 

159 

1C5 

177 

182 







120 

150 

ICS 

180 

189 

191 

260 






1 

155 

175 

190 

200 

.03 

280 







158 

182 

198 

210 

1 -19 

300 







1»> 

187 

20C 

2.0 

1 .30 

850 








IDS 

-.2 

211 

, .11 

400 






1 1 


200 

233 

217 

-75 


(40 ) It 18 a result of tliw nilo, that caclt j urticnlar slro of 
jet attains Us maximum Iiciglit with n cortaiii lund, nti ) that if 
the head is increased beyond that jK>inl, llio in ij^ht ( f jt I Is not 
increased thereby, but is actually dniiunaliid 'Mils umill Is 
anomalous it maybe that an oxccrsiyo brad hrralts llio UmitoK 
stream into spray and cansoa it to in(rl uilli rt"l“laiii'u 
from the air Ihnn n jet of wh\ wabr Issuing vtilh a nuMpinirt 
head Expenments with excoasiro hinis show an moim iis 
loss thus a jet 1 inch dininttor wllli 4 IT fiYil Iim 1, i<n( ) (-<1 n 
height of about lOJ ft'cl *iily, as tionsitrtd ty a IIm*! Ills 

Our mlo giTca tho loss A « jT* ^ ft 
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= 809 feet, and hence the height of jet is 445 - 809 s 136 feet 
The error of 27 feet is considerable, hut perhaps not more than 
might bo expected in such an extreme rase 
(41 ) “ Discharge of Jets ” — The quantity of water discharged 
will vary considerably with iho form of tho nozzle Tho form 
18 also a matter of importance, as affecting tho solidity of tho 
issuing stream, and thereby tho height of tho jot Pig 15 shows 
tho best form of nozzle, and Table 9 gives tho general proportions 


Tabie 0 —Of the pRoromoNS of J«ozzles for Jets 



for different sizes Tho lip at E projecting beyond Uio month 
IS intended to protect tho boro from indentation by accident 
Tho discliargo by >\cll mado nozzles of this form will bo about 
913, tho tliLorcticnl dischargo being 1 0, and may bo found 
direct by tho following rule — 

G = 21, 

In which n = tho Iicad of ivatcr on tho jet in feet 
it = tho diameter in Jths of an inch 
G = gallons discharged per minute. 

Table 10 has twen calclatc*! by this rule 
(12) ‘ Jtlsaltle rnlofLoug Ifnina **— 'Wlicn a jcl is pliccd 
at tho cnl of a j iik*, or stnes of pijics, os is usually tho case, 
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EFFECT Qr LO'^C MAtNS TO FOUNTAIN JETS 


CTiculfttion innst bo niado of ibo loss of bead by friction in sucb 
pipes, BO as to obtain tho actual head on the jet, for which alone 
tho rules and Table apply Say, for illustration, wo taho the 
case, shown by Fig 16, of a jet 1 inch diameter, 70 feet high, 
at tho end of a long mam 6 inches, 5 inches, and 4 inches 
diameter, of the respective lengths given hy the Figure, and that 
wo have to calculate tho head necessary Table 8 shows that a 
^et 1 inch diameter, 70 feet high, requires 80 feet head , and 
Table 10 gives the discharge of tho earn© jot, with 80 feet head, 
at 137 gallons Then, by Table 3, we calculate tho friction of 
tho mams, and we have tho following results — • 

Poet. 

Head to phy 1 inch jet 70 feet high ss SO 00 

Fnction 6 inch main, eay HO gallons = 01037 x COO s* 0 22 

„ S „ „ s 0‘>:-8 X 300 s* 7 74 

, 4 „ „ a 0753 X 100 g 7 88 

Total g 101 84 

(48 ) In other cases wo may have the head and diameter of 
pipes and nozzle given, and bavo to determine tho discharge 
This case is illustrated by Pig 17, and in dealing with it, wo 
must follow tho courso indicated in (IS) Say we assume tho 
discharge at 800 gallons , Table 10 shows that a jet IJ inch 
diomefer requires about 75 feet head for that quantity Then, 
by Table 3, wo find tho fnction of tho mams as follows — 

Fert. 

Head to play H inch jct 800 gnllooa = 7S 00 

ruction 7 inch main, 800 gollons = 022 X 800 ss 17 CO 
, C n = 0t70x400s= 10 04 

„ 5 „ n = 1155 X 80 a 0 43 

Total 121 12 

So that for our assumed discharge of 300 gallons wo require only 
I2l 12 feet, instead of 150, tho head at disposal Then by tho 
rule in (13) tho true discharge with 150 feet head will ho 

ago X ■> ISO _ 33 ^ „„lloni In eucL oosob ns Hus, ivlicro tho 

height of a jet IS involved, tho discharge Bssomed should ho pret^ 
near tho true one 
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(44 ) In another ciso wo xmgUt require to find tho diameter 
of one of the main pipes, haring a\l tho rest given Tims, say 
that wo hare to find tho diameter of tho ptpo P, in Fig 18 
Table 8 gives 00 feet as tho Lead for jet 60 feet high , and 
Table 10 gives 227 gallons as the discharge of tho same jet with 
90 feet head. 


Tlicn, IJ jet 80 feet high, by Table 8 90 0 feet head 

rnctionof 6 inch mam = 028x400 11 2 „ 

101 2 « 


"Wo have therefore 115 — 101 2 a 13 8 feet of head left for 
Id 8 


the friction of tho pipe P, or - 


069 foot per yard , which 


by Table 3 is equal to a 6 inch pipe with say 230 gallons, and 
this IS tho required diameter of the pipe P 
(45) * Path of Fountain Jet$ —'When the discharge takes 
place obliquely, or out of tho perpendicular, the path of the jet 
IS a pam'bola, and may bo conveniently described by the method 
shown in Fig 23, in which we have a jet discharging upward at 
an onglo of 45®, and with a head of 14 feet which by Table 11 
will give a velocity of 30 feet per second, or 8 feet per tenth of 
a second If we mark on tho Ime S, £ a senes of points A, B, 0, 
Ac , 3 feet apart, they wonld show the position of a particle of 
water at each tenth of a second if gravity did not act but of 
coursQ gravity docs act ounultaneously, and Table 12 gives tho 
space fallen through each tenth of a second, which being plottetl 
on tho perpendiculars drawn through each of the points A, B C 
Ac , will give the true position of tho particle of water at each 
tenth of a second Thus in i^hs of a second it would have 
arnved at C, if unmfluenced by gravity, but tbo Table shows 
that m that timo a body falls 1 foot 5J inches , therefore F is 
tho truo position at that moment, and so of the rest, as m tho 
Tvbatki Vito iftfi iwi Vuvi Tb*. 

curvo S, T in Fig 23, shows tho path of a jet with the same head 
and velocity projected downwardt at tho same angle of 45® 
Fig 19 gives tho path for a honzonUl projection, ond also 
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illustrates anollicr tnctliCKl of drawing tlio paral)oljc curre, ^vlucli 
consists m dividing tho total spico fillcn through J, K into tho 
saino number of equal parts as tho lino H, J, and drawing radial 
Imes from tho point II, as shown Tho path of tho jet is through 
tho intersections of tho radial lines with tho perpendiculars, as 
in tho Cguro tho two methods giro tho sarao result precisely 

(4G ) There aro somo general laws governing tho parabolic 
paths of jets which it will bo well to state explicitly Let Fig 
20 bo a jet playing obliquely from a nozzle at J, and sinking 
tho horizontal piano at Q 

1st If tho lino of direction of tho pipe or axis of tho jet bo 
prolonged, it cuts tho avia of tho parabola at a pomt 0, whose 
distance from tho baso is always double the height of tho 
parabola, or C K is equal to twice D N This gives a nsofnl 
rule for finding the proper angle of tho jet pipe when tho path 
of the jet has been determined. 

2nd If we find tho focus of tho parabola by tho ordinary 
method, namely, by bisecting the radius of tho base at A, 
drawing the Imo A D, and making A L perpendicular to A D, 
then tho pomt L is tho focus of tho parabola and tho distance 
N L IS the erfra head h necessary to play the jet horizontally, 
or tho diffcrcneo between tbe maiimum height of tho jet and tho 
head upon it at J Thus tbe total bead n may bo considered 
as divided into two portions, namely, H, which is equal to tho 
height of tho parabola D N, and h, which is equal to the distance 
of tho focus of tho parabola from tho base 

3rd If, therefore, with tho same head tho jet were mado to 
play vertically, it would (theoretically) attam tho height of II , 
instead of H 

4th In all cases, h hears a certom proportion to the height of 
tho parabola (H), and to tho length of its baso B, and may bo 

calculated from those particulars by the rule A = , thus, to 

play a jet 32 feet horizontally (B), and 1C feet high (El), as m 
Fig 21, wo shall have A = = 4 feet, which, added to the 
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height of the jot path (16 feet), gives 20 feet for the total head 
on the jct 

Sth The horizontal distance from the nozzle at J to tho point 
on tho plane at G, where tho jet stwhes it, may bo calculated 
when the total head H and tho height of the parabola H are 
given , for ohvionsly H — H = h, and knovving Ji, wo may find 
B by the rulo x H x 4 * B Thus, in Rg 21, wo have 
H' = 20, and H = 16 , therefore, A ss 20 ^ 16 » 4, and then 
v^4 X 16 X 4 s= 82 feet 

6th When the jet issues honzontally, as m Fig 25, its path 
IS half a parabola, following the same laws as before, namely, 

. (iQ* 


A = F, also A s 


, and VA x H X 2 = P, &c 


(47 ) In some cases, the two half parabolas oro nnequal, 
as m Fig 24, where we have ft jet 20 feet high at its maxi- 
mum, delivering at N = 15 foet high, and 24 feet distant hori- 
zontally from tho nozzle at J, and we require to find A a 
tho extra head, and to describe the path of the jet Hero wo 
have first to find tho position of tho centre lino dividing the 

Gcmi-parabolas, and to do this we have =a K, which 


m our case becomes 


24 X 4 472 


Vh + Vh 

= 16 feet Then the focus 


4 472 + 2 236 

of tho two semi parabolas may bo found as beforo, and it will be 
found that F and F ore equal Thus, in our case F = = 

/8Y 


3 2 feet and F i 


= 32 feet also F bomg equal to h, 


wo thus find A to bo 3 2 feet, and the total head at J will 
tberoforo bo 20 -f- 3 2 = 23 2 feet {II ) If we revt-rso tho 
direction of tho jet, placing the nozzle ot N, instead of at J, 
then, with a head of5-}-32 = 82 feet, tho path of the jet 
would bo tho same as before 
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(48 ) Wo Imvo followed llirooglioul llio inrcstigaljon of iLo 
paths of ohli(ino jets, tlio Ihcorolical Iaw tint the height of iho 
jet IS Ofjnal to the head, and wo hare dono this to aroid compli- 
cating tho matter onneccssanly ; Lnl ohnonsly, wo mn*it nj’ply 
to ohlnino jets tho correction wo fonnd necessary for pcrjicn- 
dicular ones. Thus, if wo had & jet ^-inch diameter, with 80 
feet head. Table 8 shows that tho height nttaiDc<l vertically 
would bo only CO feet, and if this jet playctl obliquely, its path 
should bo calculate*! for tho latter height, but tho quantity of 
water cxpcndc<l, and tho raloo of A mnst bo calcnlalcd for 80 feet 
Oblique j‘cts of great height and range, denato considerably 
from tho true parabolic path assigned by tho rules, tho curvo 
becomes in such coses like A, D, E in I'lg 22, tho tmo parabolio 
path being A, B, 0 But for modemto heights and ranges, snch 
as usnally occur in practice, tho donation is not considerable 
(49) ** Ornamental Jet $^ — ^Thero aro many kinds of orna- 
mental jets which may bo used with pleasing ciTcct m very 
eheltcrcd situations, especially m tho interior of conservatones, 
Ac One of these, call<^ tho ** Convolvulns,’* Bom tho form of its 
display, is shown m balf-sizo section by Fig 2C Tho pressnro 
of a very small head of water (2 or 3 feet) raises tho valvo B, 
and allows a thin sheet of water to escape, fonmug a sheet jet of 
tho form given m Fig 27, and (with tho size given by Fig 26) 
about 3 feet diameter, with on expenditure of about 6 gallons 
per minute 

Fig 28 IS a half-Bizo section of tho “ Dome” or “ Qlobo” jet, 
which produces a display of tho form shown by Fig 29, with a 
head of about 2 feet, tbo globo being about 14 inches diameter, 
and the eipcndituro about 3 gallons per minute With a greater 
head say 3 or 4 feet, tho display has the form of an umbrella 
about 21 inches diameter, expending about 4 gallons per 
minute 

Tho “ Basket and Ball ” jet is another plcasmg variety , tho 
basket la of fumy wura-wadc, t/i catek tkra. hall 

when it escapes from tho jet of water, and formed so as to 
return it back to its place Tho ball is formed of light wood 
(lime-trco is tho best), painted or gilded, and well varnished 
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CABALS, CULTEUTS, AKD Vr\TEr*C0TOSZ3 


There should bo a certain proportion between tlio size of the 
ball and tho diameter of tho jet As an approximation wo may 
give tho following rule — 

X 1 S = D, 

In which d = tho diameter of tho jet m -Iths of on inch. 

D s= tho diameter of tho ball m inches. 

Table 13 has been caloulatcd by tins rnlo , it gives tho proper- 
tiona up to 1-inch jot*!, hot tho ^-mch jet, with S^-mch ball is 
usually tho maximum size in practice 


Tailb 13 —For Bml Jets 


t)lunM«r of Jet 
^iQCh 

i .. 

^ » 

1 .. 


nUnetcr of OalL 
l|-inch 
»> 

23 .. 

Si »> 

H » 

4 „ 

4! 


cnAPTER in. 

ON canals, CULVEaTS, AKU WATET-COrtSES 

('’0) “ 0/cn Tr<i/<T-coiir«M Tho discharge of open watcr- 
courbcs may bo found experimentally by observing tho velocity 
of tho current and measuring tho cro*^ sectional area of tho 
stream But to do tins correctly wo req^tnro tho mean velocity 
throughout tho soclion, which is not given Ly oh*^rval«on Tho 
velocity vanes, being a maximum at Iho Rurfaco anl where tho 
channel is deepest, which is usually near tho centro of tho mdlh, 
diminishing from Ihcnco to tho banks on either side, oiid to tho 
bottom, whero it is a minimum. 

Tho l)C6l experiments wo Itaio, give tho mean velocity 




oisAM— nexo r>rr to ttlocitt. 


4U 

lliroBglionl tho Pcclion nt 81 per cent, of llio njiiimum central 
surface Tcloaty, wliicli in usually llio velocity oWrrwl, being 
easily obtained by u float on tbo sorfaco of tlio slrcain (C8) 
Table 14 gives the mean velocity corresponding to ob'Crvctl 
tnaiimum velocities ; thus, if a cbannel wlio<o area is 2 1 square 
feet, Las by observation n central snrfaeo velocity of 35 feet 
I>cr minnlo, tbo mean velocity by Ibo Toblo is 29*1 feet, and tbo 
discbargo will bo 29'4 x 21 = 705‘Ccubic feet, or 705 G x 
6*23 = 439G gallons per miontc. 


Table 14. — lor Orrv CnAwria, Casals, and ItrvERS, pving tho 
JIeas Veiocitt tbrou^boot tho Scciiov, corTcsjondiug to 
otwrved CEsvrAL Scrface VEtocmia. 



(51 ) “ Head due to Velocity *» Open Channels ” — When a 
Btream leaves tho still water of a lake or reservoir, as inFig 30, 

£ 
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CANALS— HEAD TO OVEBOOME PBICTIOV 


at a given velocity, there will bo a certain loss o( head to gene- 
rate that velocity, that is to say, tho slroam at F must bo loiver 
than the stdl n-atcr at E in order to create the velocity rcqnircd 
at G la a ease liho the Figare^ tho bottom of tho channel at F 
being at tho samo level ns tho bottom of tho reservoir at E, and 
mth a well-rounded entrance, tho velocity wonid bo 9C of that 
due to gravity, and tho same co-cflicient would apply to tho water- 
way of a sluicc-gatc, IiLc Fig 31, if tho gate is drawn up com- 
pletely out of tho water and to tho openings of a bridge with 
pointed piers, as at Fig 32, tho conditions being evidently similar 
in all tho three cases With similar conditions, but mth SQmro 
corners nt tho sides of tho inlet opening, ns in Fig 31, tho 
bottom of the channel being still at tho same level as that of tho 
reservoir, the velocity at G would bo 86 of that duo to graviiy, 
or to tho diiTcrcnco of level between E and P, and tho same co- 
ofScicat applies to tho openings of a bridge with stjuaro piers as 
lu Fig 83 

With an opening in a sloico-gato of smaU thickness, as at 
Fig 35 tho head of water being above tho lo« er edge of Iho 
gate the velocity is only 635 of that duo to gravity, a contrac- 
tion (2) ocenmng on all tho four sides of tho aperture If the 
gate bo fully drawn up, tho opening becomes a weir, as at Fig 8C, 
then contraction occurs on tbreo sides only, and tho co-cfficicnt 
rihcs to GG7 These co-cfficicats aro given by Eytelaein, and 
Table 15 gives tho volocitics for difilrcnt heads calculated by 
them 

(52) Ucail to oicrcomo Friction of UltanncV — VTlicn tbo 
channel is o long one, there is not only a los? of hca 1 duo to the 
velocity, but also a further loss by friction agniust tbo sidts and 
boltoui W hero tho channel is of eijnal cross sectional area 
from end to end, tho loss of head increases uniformly from end 
to cud, nml the surface of water has a ccrtaui slope or f dl 
yaixl or per mile Fig 37 shows tho section of ft n-atcr-courso 
in which tho fill from iho still water m tho rcscrroirnt A to 
the point B is duo to Iho volocity at B, and this woald bo tho 
samo '\hatovcr Iho length of tho clianucl, its flmoiiut vanes 
u ith Iho fyna of the eniwnco ns oxi lamed in (61) I roia B to 



CA’fAi^— nrvD TO orrrcojir rsicriov. Cl 

C ll)CTO will be a wpilw ulope trhen llie atc^ of llio clmnncl 
ximfonn, and ibo fall 0 D la doo to fnclion for llio length B 0 


Taclc X5 —Of the Vrt/Krnn In Feet pct^ecovd, dae to given Heam 



m 

iHinHil 

l<i 

i 

OkCI 0 

» 1 
c«c *< 

1 0 1 D 

JAOf tis 

Vz 

25 

; 278t! 

2101 

16II5 

1 1 

1 2 317 


1 9^30' 

' 1 4713 


tt 

; "WW 

5o2t{ 

2003 

U 

! 2 5*0 

2 4srt 

2 22'0 

2 CUo 


33 

1 3503 

40SS, 

•WvJ 

I 

2 SJ7 

2 7237 

2 43' 3 

2 80J5 


62 

1 T«T'>, 

roj2j 

5.07 

1 ** 

3 005 

2 'H2t 

2 

' 2 9463 

A 

2 0 

; OCOO; 

6000 

CJ50 


1 3 27C 

3 145 

2 81741 

2 0^03 

A 

1 133 

1 21271 

0'^ 2 

7353 

[ ^ 1 

' 3 475 ^ 

3 330 

2 OS'iS^ 

2 2000 

A 

1 

1 2133 

1 1110 

tr‘23 

1 1 

, 3 Cu3 

3 510 

3 150-2 

2 S2C0 


1 418 

1 3G13 

1 21951 

9001 

2? i 

, 3 612 

3 C«S 

3 3011 

2 4397 

A 

, 1 532 : 

1 4707 

1 31751 

9723 

' 3 ! 

4 012 

3 851 

3 4503 

2 5 re 

i 

1 033 

2 5723 

|l 4057 

; 1 0101 

n 

1 i 17C 

4 009 

3 5914 

2 6517 

A 

1 T37 ' 

1 C075 

i 1 4933 ' 

! 2 1030 


4 331 

\4 2Cl 

1 3 72“2 

t 2 7521 

4 

1 S32 

2 7577 

1 5747 

2 20-7 

.n» 

4 4F0 

4 390 

1 3 85S0 

1 2 8160 

ti 

2 &22 

2 SI43 

i 1 052 

I 210S 

4 

4 CJ3 

14 443 ! 

|3 9S14I 

1 2 9420 

4 ' 

2 OOC 

2 0233 

! t 7« 1 

1 2^9 

4) 

4 914 1 

14 717 1 

4 2200 

S 1204 

H 

2 033 

2 0015 

1 7JO ! 

1 32^9 

5 ' 

1 5 ll-O ! 

1 4 973 

4 455 

. 8 2803 

4 

a IC7 

2 0303 

16®' 

1 370 


; 5 431 

5 210 ! 

i4 072 

, 3 450 

H 

2 213 

2 1533 

1 929 

1 421 


5 0-5 

|5 418 ' 

4 881 

i 0030 


(53 ) Tins fall may bo calculated by the following rule — 
/ C 'ya 

._U) XI'XI’ 

874520 X A’ 


lu which L = length of the channel in yards 

A =s cross sectional area of Ibo streata in scjuaie feet 
r s= tho perimeter, or wetted border in feet 
F » tho fall, or difTcFcnce of level at tho tao ends of 
the channel m inch^ 

C = cubic feet discharged pot minute 

Thus, in tho case shown by Fig 38, A being G x 2 5 = 15 
B(juato feet, Ps 52 6--|*6-1>2 5 = 11 feet, say that -with such 
a channel 1760 yards, or tme tnilo long, wo yeqmro tho fall to 






CANALS — BISOHAHaB TnUI GIVEN HEADS 


tlisoliargo 1105 cubic feet per amnio tlioa by the rule m 


Iinvo m our caso 


' X 1760 X 11 


874620 X 16 


= 8 iDCjhcs fall 


(64 ) To tills has to ho added tho head for the velocity at 
entry, or A B in Tig 37 The mean velocity being -yp- = 

73 66 feet, the maximum (60) will bo “7^- = 87 7 feet per 

minute, or 1 46 foot per second, tho head for which, with square 
comers, is given by Col 0 of Table 16 nt about ^incli Then 
for n channel one mile long, tho total head will bo 8 -f* ^ = 8} 
inches , for •Jth of a mile, or 220 yards, 1 + ^ » 14 inch, and 
for 110 yards, ^ ^ = 1 ^ch In the last caso tho head for 

velocity is equal to the head for friction 
(65 ) When tho fall is given, and the discharge has to bo 
calculated tho rulo becomes — 


/'874620 xPx AU 

\ LxP / 


X A 


Thus, with tho same channel ns before, 1760 yards long, and n 
fall of 12 inches, tho discharge would bo ^ 

X 15 = 1353 cubic feet per minute "Wo havo ormtto<l m this 
enso to allow for tho head duo to vcloaty, and vhero the channel 
IS a long one, tho omission will not causo a serious error, with 
short channels, however, it roust not bo neglected 

(66 ) WTicn, with a given total head, wo havo to calculate the 
discharge by a channel so short that tho head for velocity has 
to bo considered ns well ns tbnl duo to friction, tho quc'ition does 
not admit of a direct BolntiOD,bccan«o no cannot tell Ixforchaud 
in what proportions tho hca«l at disposal has to bo dindctl 
between tho tuo Tho best course in that ease is to a«stiino 
a discharge, and cnlculnto, os in (63) and (6 1) tho hca 1 fur 
friction and Iho head for velocity anth that discharge Then 



curus — r»tSC 3 IAECE WITH CrfES tTTlP S. 


53 


arpIjTng tlie law (27) tliat Ihe disdiargcs are dirwtlr propor- 
tiozial to tbs scycars roots of tbs respective beais^ we tear obtain 
tbs tms discbarge witb tbs givea bead. Tbcs sar that Tviib the 
cbannel (Fig. SS) 50 Tanls long, tbe tJcH bead at disposal was 
2 incbsss and that we have to ealcclite tbe discbarge. Sir we 
as5^nn5s it at ICOO csbic f.’st j tben tbe bead far feicticn wnnii be 


(I’Jx.o.u 

tri520 X 15 


Tbs oean tsIo; 


fo*r 

= 75'S fxiper =in^.cr l*C2f-'Ct per seccri tbe b-Kul 

f T wbsib br Ccb C in Table 15 s* abcci ^ cr '^CT ceb ; tbs 
bead f •? IMO criir f.et is. tber?£.r*» '1S5 — *4^7 a 
•eSSraib: bcKe tbs cbscbirre wiib 2 scbes bead wrcU l« 


ixo v i:co X i-<2t ... 
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IlrVi:E-OHA^VELS OP niBEOCLAB CEOSS SEOTIO\S 


Tlio use of tbis Table may bo illustrated by tbe follomng 
examples — Say calculate by it the discharge of the channel 
(Fig SS'i with a fall of 12 inches per milo as in (55) The 

hydraulic radius in our case is ^ =s 1 363 foot, the nearest radii 

to u hich in the Table wo find to bo 1 3 and 1 4, and the corre- 
sponding velocities under tho fall of 12 inches per mile are 
88 1 and 91 4 respectively, interpolating between those num- 
bers for our radius 1 363 wo find tbe mean velocity to bo about 
90 2 feet, and the discharge 90 2 >c 15 » 1353 cubic feet per 
minute 

Again, to find tho fall with tho same channel 800 yards long 

1230 

for 1230 cubic feet per minulo — Tho mean velocity bemg-j^ 

= 82 feet poiMjamutc, wo loolc between 1 3 and 1 4 radii m tho 
Tablo for tha^T^city, and wo find it to bo under tho fall of 
10 inches per mill', or 00568 inch per yard, hence tho fall 
in our case is about 00563 x 800 = 4 64 inches for fnction 
olono, or 0 D in Fig 87 

(68 ) Take another case, shown by Pig 40, of an open cutting 
with sloping banks, and say that wo reijmr© tho discharge with a 

fall of 8 inches per mile Tho area being x 3 0 = G2 5 

sfiuaro feet, and tho border 5 6-f-30-f-6 6 = 31 2 feet tho 
hydraulic radius is = 2, which, by Table 30, with a fall of 

8 inches per mile will havo o yelocity of 89 9 feet, and a dis- 
chargo of 89 2 x 62 5 = 6576 cnbic feet per minuto 
(59 ) •‘limer Channels oftrregalar Cross section ’ — Tho appli- 
cation of tho rules to tho discharge of a stream of the natural 
irregular form of section may be illustrated by Fig 41 Wo 
found in (68) that tho area was 27 74 square feet , tnl ing say 
2 feet in tho compasses, and stepping along tlio border, wo find 
it to mcasnro about 21 5 feet tho hydraulic radius is therefore, 

= 1 182 loot Then, mli a SiU of eay 10 Jnclios per 
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milCjTaUo 30 givcfl, opposilo tlio rndiaaof l*l(wliicli la tlic 
nearest to the ono^orcqmro), the mean Tclocityof 73 9 feet pci 
minute , hence the tli«chargQ is73 9 X 27 74 = 2050 cubic fee’ 
per minute. With a Tcry aLort channel, allowance ehould b 
mailo for Tclocity at entry, oa explained in (5C) 

Table 30 may also be applied to the calculation of the die 
charge, Ac., of common pipes running full, or to those of a 
6<inaro or other section, for an illnstmtion of which see (3C), also 
to culverts, Ac., partially filled, see (C2) 

(GO ) “ Opemn^t of Urt Igct, dc "—The head lost by a stream 
in passing through a bridge is principally that duo to velocity 
alone, the length of the channel being in moat eases so short as 
to have little influence on the discharge The head for velocity 
may bo calculated by Table IB say wo taho the case (58) of 
the stream (Fig 40) discharging B575 cubic feet per minute, 
and passing through an opening at a bridge, say 8 feet wide and 
3 feet deep Thoarca bcingS x 3 » 24 siinoro feet, thovolocity 

will bo = 3 87 feet per second, which, with pointed 

piers (Pig 82) Will rc(iuiro by Col B of Table 15, 8 mehos 
head (A,B m Fig 37) But, the stream approaches the bridge 

89 2 

with a mean velocity of 89 2 feet, or a mavimum (60) of 

O-z 

=s lOG feet per mmutc, or 1 77 foot per second, tho head due to 
which hy tho same Table is § inch The head at the bridge is, 
therefore, reduced to 3 — § = 2J inches, with square piers 
(Fig 33), tho head by Col C is 3| inches, or at tho bridge 
3J *--1= 3^ inches. 

(61) ‘‘Submerged Openings’ — Tho velocity of discharge 
through a submerged opening A (Fig 43) is governed by the 
difference of tho level of water at the two sides of it or by H, 
and 18 not affected by tho depth below tho surfiice at which it is 
placed. Table 15 will give tho velocity with small heads thus 
an apertoro 2 feet x 1 5 foot = 3 square feet area, and with H 
et 6 inches, would, by Col D of Table 15, discharge 3 2893 x 3 
= 9 87 cubic feet per second 
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rcoronTioss, eto., or oval cirtVEKTS. 
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Tlsjft filiows lint in all casm wlicro cslrcmo nccnmcy is draiml, 
tbo rule in (Cl) Kbould bo u«c<l» bnt that wlicro tlio fall ctcewls 
8 or 10 Indies per mile, Table SO gircs results sufficiently 
correct for most practical purposes 
(CC ) WicQ llio <Iiscbargo w giTcn, to detenmoo tbo fall, tbo 
rule becomes 

+ C-CSiJ- 42 s) X L X P 
“ 82C100 X A 


Thus tbo fall for friction n-itb tbo same cbinncl, Pig 40, 2000 
yards long to deliver 8000 cnbic feet per minuto would bo 


+ c 534)’- 42 8 ) X 2000 X SI 2 

/ ar 3 25, or 3b inches. 

80C400 X C2 5 

Adding tbo head duo to velocity at entry (51), tbo mean velocity 


IS *» 48, and tbo matunwa a 67 feet per minute, or 

•DS foot per second, tbo bead for nbich by Col 0 of Table 15 
IS about ^ inch , tbo total bead is tberefore 3^ 4* ^ » 3^ incbcs 
(57) Table 18 Las been calculated by tbo following modifi- 
cation of Eytelircin s mlo — • 


(V -f 1089)* - 0118858 
8975 


In which V = the mean velocity over tho wholo area in feet per 
second 


j orea ID square feet 

E s= tho hydraulic rooms in feet, or — s — ^ — ~__ 
* border in feet 


S ss tho slope, or 


fall m inches 
length m inches 


By this Table opproximatoly correct results may bo obtained 
with less labour than by the rules 

Ist To find tho Velocity — ^Multiply tho area of the channel 
in square feet by the fall m inches, and divide tho product by tbo 
border m feet multiplied by Qie length of tbo channel in inches 
find the nearest number thereto in Col E of Table 18, and oppo- 
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This shows th'vt in nil cases where extremo nccnracy is desiretl, 
tho rule in (G4) should he used , but that where the fall exceeds 
8 or 10 inches per mile, Table 30 gives results sufficiently 
correct for most practical purposes 
(66 ) "When tho discharge is given, to determine tho fall, the 
rnlo becomes 

(j + 6 634)’- 42 8) X L X P 
896400 X A 


Thus the fall for friction with tho same channel Fig 40, 2000 
yards long to deliver 3000 cubic feet per minute would bo 


(^4-6 534)’^42 8)x 2000x 31 2 
_ ____ __ 


26, or 3| inches. 


Adding tho head duo to velocity at entry (51), tho neon velocity 

IS ZcTs * 48, and tho maxunum « 67 feet per minute, or 
62 6 84 * 

*95 foot per second, tho head for which by Col 0 of Table 16 
18 about i inch , the total head is therefore 3J + i = SJ inches 
(67 ) Table 18 has been calculated by tbo following modifi- 
cation of Eytelwcin s rule — 


(V-f 1089)*- 0118858 
8975 


In which T » tho moan velocity over tho whole area in feet per 
second 


It = the hydraulic radiosin feet or 


area i n sunaro fee t 
border is foct 


S a tho slope or 


foil in inches 
length in inches 


By this Table approximately correct results may bo obtained 
with less labour than by tbo rules 

Ist To find tho Velocity — MnlUply tho area of tho channel 
m s<juaro foct by tho fall m inches an 1 dmJo tho product by tho 
border in feet mnltiplicJ by tho Icngtli of tho channel la inches 
f the nearest number thereto m Col B of Tahlo IB, and opp^ 
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Bito to that cumber in Col A is tho required velocity Thus 
for tio case m (65) rre hare gj- g x (1760^36) = ‘OMOSie, 
the nearest number to which is 00003043 opposite *425 foot 
per second. By mtcipolation we may obtain a nearer approxi- 
mation , for, as It S vanes nearly as V*, we have 
( 425* X '0000316^:^ 180625 x *316^^ 

V 00003043 j "V -3048 ) ~' 

second, hence the discharge comes out 4831 x 60 x 62*6 = 
1624 cubic feet per minute, or practically tbe same as by the 
rule (65) 

Table 18 —For tbe Discuaroe of Canals, Rivebs, &.c , by 
Ettelweins Rule 


•4331 foot per 


AO Velodtj 
1 Fwt per 
Seeood. 

E.& 

MetB Veloatr 
to Feet per 
SccoDd. 

AS. 

025 

0000006734 

1 $ 

00005460 

05 

000001489 

1 65 

OOOOG384 

075 

00000244 

7 

00007153 

1 

000003533 

75 

OOOOS087 

125 

000004771 

8 

00009072 

15 

000000144 

85 

00010112 

175 

000007C5G 

9 

0001121 

2 

000009307 

05 

0001236 

225 

0000111 

I 0 

0001357 

25 

00001303 

1 1 

0001GI46 

275 

1 00001510 

1 2 

0001895 


1 00001730 

1 3 

00021934 


000019G6 

1 4 

000'>524 

35 

; 00002214 

1 5 

00028703 

375 

00002477 

1 6 

00032402 


00002753 

1 7 

0003G32 

425 

00003013 

1 6 

0001017 

45 

000033184 

1 0 



00003GGC 

2 0 

0001113 


(SQQQ^JS 

2 S 

0007^7 

55 

00004705 

8 0 

001075 

A 

B 

A 

B 


2iiil To find tho F 1 
given area, and by 60, 


• given discharge 
the mean velocity 
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jifT r:r<m 1 ; f ri 1 ll f* rfirf*! n’Tilf^ l-i (! »1 in Col A, nliicli, 
mnltilliol 1 T ll f* 1* nlfT in ! ani ly ll i' Impth of tlie clian* 
utl in xacl o«, m \ Ain IM 1 y tl e am in r/jrjiro fi-cl w ill giro 

tlic fill in inclK< n ns f r ll e ca*« in (CO) wc liarc a 

(jZ o 

48 foci per mnnlo, frr « 8 f»f)t per fcconl.tlie Lnl uhr nam* 
iK-r for which i* •0'XK)''072, then 

X .y a X (=000 X oc) ^ 3 

C2 u 

ar Ixfore 

CS. “ Gw** f/ fi -Vi7?-»'min Aa an example of the pmctKal 
Bpphnlion cf the mlos tro will Ulo a cr.«o in which it is 
Acfirol to alilire a ftrrara of water for Anring a corn-mill Say 
we hare a rlrtatn 1500 yards long wntli a total fall of C ft C in 
from the tail of the prccohng mill Wo haro finit to ascertain 
tho c^oanlity of water at disposal selecting a spot where tho 
current appears to bo tolerably nniform for some 100 feet, and a 
scaaon when tho quantity is an arengo one according to local 
aath<}ntics f^T taho it at a point 21 f(M:t wide as m I ig 11 
Wo hare then to obtain tho area of thostream, and to do that, may 
dindo tho width into eight cqnal spoccfi of 8 feet each, as in tho 
Figure, which may 1x3 done conrcnicntly by stretching a tnpo 
Bcro&s tho stream then wo mcasaro the depths midway between 
those dinsions or at 1 5 foot, 4 0 7 5 feet, Ac, Ac, using a 
mcasunng rod with a flat board about 7 or 8 inches square at 
tho end of it, to prevent penetrating tho soft bottom , and thus 
wo obtain tho senes of measurements given in tho flguro, tho 
mean of which wo find to bo 1 IOC foot tho area is tUcreforo 
1 15C X 21 = 27 71 square feet To find tho velocity, two 
lines may bo stretched across tho stream near tho surface, and 
say a "chain” or CC feet apart, and a float being placed a few 
yards above tho highest one, and id tho centre of tho ividth, or 
■wbcio ibt> "fc^ticily os f>\«crft!d to bo grtaltst, the exact, 
time m passmg from lino to Imo is carefully noted This float 
should 1)0 a small piece of tJitn wood, say only i-inch thick, so 
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as to bo almost wholly immersed, and thus expose little surface to 
the action of the wind Say that the float travels the 66 feet in 

20 seconds, in ouo minute therefore it would be ~ 

198 feet This being the manmum velocity, the mean (50) over 
the whole area would he 198 X 84 w 166 feet per minute, hcuco 
the discharge is 1G6 x 27 74 = 4600 cubic feet per minute 
(69 ) Tho total fall is C feet 6 inches , allowing 6 inches for 
the fall of the stream itself, tho net fall at tho wheel will be 
6 feet , a cubic foot of water weighing 62 3 lbs , the horse- 
power being 33,000 footpounds, and allowing that a breast- 
wheel yields 60 per cent , or 5 of the gross power of the water, 

we have 33000 ~ power A pair of 

4-foot stones, grinding 4 bushels of com per hour, requires 
about 4 horse-power, and a dressing machine about 6 horse , 
if wo allow four pairs of stones, wo should require 16 -f- 6 
s 22 horse-power, leaving 4 horse-power for the mill gearing 
and small machines, &c Tho diameter of the water-wheel 
may he about 2 5 times the fall, say 15 feet, and the speed 
of its circumforonco beiog 4 feet per second, or 240 feet per 
minute, and the depth of tho bucket 1 5 foot, the width of 

the wheel would bo „ ? = 12 8, say 13 feet 'With other 

210 X 1 6 ^ 

lands of water-wheel tbo duty would bo difibrent a good over- 
shot wheel would give from 70 to 80 per cent , a breast-wheel 
from 45 to GO, and an undershot, in which tho water acts only 
by its impulse, from 27 to 30 per cent 
(70) Tho channel must now be altered, so ns to deliver 4600 
cu'bio feet per minute, with a foil of 0 inches in 1600 yards or 

^^150^ ' ^ ~ '■Dchcn per nnlo When altered to tho form 

*^4 4-12 

A, B, C, D, tho area will bo - ^ — X 3 = 64 square feet, tbo 
fncan velocity to dischargo 4600 cubic feet will bo - g- ^ - = 86 2 •' 
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foct per nunnlo, Ibo borfer w 6 7-^12 4*0 7 *» 25 1 feet, 
and the hj-clranlic nuliUH = 2 126 foct 1 bco by TaUo 80 

between 2 an5 2 2 nwlii, tlio rclociljr 85 2 feet m fouBil to bo 
tmJcf Ibo fall of 7 incbcs i^er mile; tbo fill teo nllowtxl It 
sbonlJ bo obserred that it la impcraliro that Ibo alopo gball bo 
«n»/orp» from end to end, at IcaU wbero tbo area of Ibo cbanncl 
IS nmform. 


CILVPTER IV 

OV ^TEinS, OTEWLOW-WrES, do 
(71 ) “ Trora”-~rjg 86 sbows a •orcir nrmngctl for Ibo pur* 
poso of ^nging cxporimcntallp tbo lioantitj’ of wotcr passing 
dorm tbo stream A is a plate of tbm iron rrttb n noteb cut out 
of it wide enougb by estimation to carry off tbo'^'otcr mtb n 
aodcrato depth of orerfall, this is scrowed to a thick plonk B, to 
obtain tbo rc<iQi£itc stidness for tbo plate, and tbo wbolo is fixed 
in tbo stream as sbown 0 is a stake rritb a flat ond lore) top, 
wbicb IS dnren into tbo bed of tbo stream to eucb a depth that 
Its top IB exactly level witb tbo lip of Ibo weir, and the depth of 
water flowing over is measored by a common rule bold on its 
summit Tbo proper distanco of tbo stake from tbo weir de- 
pends on tbo quantity of water to bo dealt with , m stnall weirs 
It may bo from 1 to 2 feet, in very largo ones 20 to 25 feet tbo 
object IS to pkeo it tar enough owoy to avoid tba curvaturo of 
surface wlucb ibo water suffers as it approaches tbo weir, as 
shown by tho Piguro Them is somo uncertainty m measuring 
by ft mlo in tho manner loduatcd, arising from tbo capillary 
attraction causing tbo water to adhere to tbo rule and to rise 
anovo its truo hci^t A xniwo correct method is to use XVancis s 
hook gauge, a rough modification of which is shown by Tig SC 
Tho stake J is, in this ease, dnven to such a depth that its top 
IS at a height convenient to tho eye, say SO inches abovo tho Jovol 
of tbo bp of tho weir, then a rough Look gauge D, formed of 
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vrood ivlwut 1 inch thick, is cut in tho form shown, tho end E 
being flat and level, and tho length E F made exactly equal to 
G H or 30 inches The hook-gauge is hold against tho stake, 
and carefully adjusted, by tho hook at E hemg first immersed, 
and then raised until it just coincides with the surface of tho 
water , tho depth of overflow is then given by tho distance from 
the top of the stake to tho top of tho gauge at F, measured by a 
rule, &,c 

(72 ) "With a thin plate, and depths thus measured from still 
u ater, wo have tho following rules — 


G = d X X i X 2 G7 

/ = 

d X vd X 2 C7 


In which G s gallons discharged per mmuto 
„ d s depth of overflow in inches. 

„ Is length of woir in inches 

Thus, with 2 inches overflow, a weir 72 inches long discharges 
2x1 4142 X 72 X 2 C7 = 513 7 gallons per mmuto, again, 
to tliscliargo C94 gallons per mmuto, with 3 inches overflow, wo 

should ronuiro a length of = =* SO inches , and 

again, to find tho depth of overflow to carry 1282 gallons, with 
a length of GO inches wo havo qq ^ o q 7 “ *^3 = 2, 

and 2’ s= 4 inches, tho depth required Table 10 has been calcu- 
lated by these rules, an I its uso may bo illustrated by tho ex- 
amples just given, thus uith 2 inches overflow tho Table gives 
7 G02 gallons per inch, and a weir 72 inches 'ndo will discharge 
7 552 X 72 = 513 7 gallons, a weir \nth 3 inches overflow 
di.schargtsl3 87 gallons per inch of uidth, and for COl gallons 

col 

wo rcqiiiro a length of ^ « 50 inches, a weir GO inchca 
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long discharging 1282 gallons is c^nal to « 21 *38 gallons 

per inch wide, which by tbo Tablo is duo to i inches overflow, Ac. 

Table 19 —0/ the Dischakoe of Wateb over eies, 1 inch wide, 
• lu Galm)\s per Min'Ote 
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(73) ^*Effect of Tliicknesa of Oesi”— ‘Wlieu tho Up of tUo 
weir has a considerable tliicknfiaa,whicUis frequently a practical 
necessity, the discharge 17111 bo less than \nth a thm pinto, a loss 
arising from friction. Mr Blachwell’s eipenments, made on a 
large scale, and with depths of overfall ranging from 1 inch to 
14 inches, give us the following coefficients, by which Table 19 
may bo adapted to the forms commonly met with in practice — 


TMn p\ate, weir 10 feet long 

P 

C 


Thus, say wc have a nver-wcir SO feet wnlo, ^tb CJ inches 
overfall, the crest having a slope of 1 m 12, then tho dischargo 
will bo 44 25 X 360 x 76 » 12,107 gallons per minnto, or 

^ s 1948 cubic feet 

(74 ) Table 19 may bo applied to rectangular apertures He 
Pig 85, for tUo discharge m such a<r»so is the dtjfcrence bctwcfcn 
two weirs, A, B, C, D, and A, E, F, D . say tho bend to tho top of 
the aperture (A, B) is 1G4 inches, and to the boltoin (A,E) 
22 inches, and that tho width (E,!*) is 20 inches Then, by 
Tablo 19, 22 mthes = 275 6 gallons per inch, and IC^ inches = 
179 0 gallons , tho difforenco 18 , therefore, 275 5— li9 0«9C 5, 
and the discharge 90 5 x 20 * 1930 gallons, but os contraction 
occurs on four sides in this case, see (61), the real dfschargo 
would bo 1930 x 635 ~ 667 = J837 gallons per minute 
Tho coefficients in (73) do not apply to apertures with largo 
Leads 

Similarly wo may detenmnotho discharge of round apertures, 
or approximately of any regular figures, av]nch will not difllr 
materially from that of ft circmnscnhuig rectangular opening, 
reduction Iwiiig made for llio true area of the figure whoso dis- 
charge IS required Thus, s.»y no require tho dischnrgo of a 
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circnJar flj»crtaro 12 inches duunclcr, tho Lcml mcasurttl from 
Ibo tipper edge of tho onficQ being 14 mclics, therefore, 20 inches 
oboro tho lotrcr c«1go Hero rro bare 851 0 — 18D 8 » 214 2 
gallons per inch tndc, and if tho opertnro trero rectangular it 
would dischargo 214 '2 x 12 «* 2570 i gallons, but being cir- 
cular its area is *7851, that of a circtanscnbing rectangle being 
I 0, and tho true dischargo is 2570 i x 7851 x 635 — 607 
= 1922 gallons per minute 

(75 ) “ EJfcct <>f Vdoetts of A^oacU to Wetrt, do "—TTo 
baro BO far supposed that the bead has been measured from still 
water, or that tho channel was of rcry hrgo area in proportion 
to tho discharging onSecs. "Wben tho channel is of small area, 
tho water will haro a sensible velocity ns it approaches Ibo aper- 
ture, which will increase tho discharge, and correction must bo 
mado for it by adding to tho jncaanred bead, that duo to tho ob- 
Bcrrod velocity of approach. TaWo 15 gives ibo bead duo to a 
range of velocities such as aro bhcly to bo met with m ordinary 
practice , thus, in tho ease of o wmt CO inches wide, with 
8^ inches avcrfall, tho dischargoslS 42x6Dell05 2 gallons, 
but if tho velocity of approach had been 66 feet per minuto or 
1 1 foot per second, wo find tho head duo to that velocity is 
Col B as i inch, oad tho head on Ibo weir bocomes 3 J -f- i « 3 f , 
and tho dischargo 20 37 x 60 » 1222 gallons More strictly, 
it IS tho difference between two wtirs with tho xespcetivo over- 
falls of ^ inch and3J,of (20 37 — 3338) x 60 =r J202 gallons, 
instead of 1105 2 gallons, as wo found it for still water 
« (ja") Correction for Short Wetra — ^Tbonilesinf72)assume 
that tho dischargo of a weir is simply proportional to its length 
This 18 not strictly correct, m ordinary coses where the weir is 
narrower than tho channel tho issuing stream suffers contraction 
at the two ends, by which its length is virtually reduced, and as 
contraction is about tho some with all lengths its effect is 
proportionally greater with short weirs than with long ones 
Tho experimeuta of Francis show that tho effect of contraction 
at both ends is to reduce the eflcctive length 0 2 inch for each 
Loch in depth of overfall, or 1 inch with 5 inches deep, 2 inebcs 
with 10 inches deep, dc With 6 inches overfall, and weirs 
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6, 10, 20, CO, ftwl 100 inclicfl long, TnWo 19 gives 149, 298, 
C97, 1492, ftDil 2985 gallons per nunuto, lint dcdacting one 
inch from all thofio lengths, they arc reduced to 4, 9, 19, 49, and 
99 inches, and tho di<^hargc8 bccomo 119, 2C8, CG7, 14G2, and 
2955 gallons. Prancig gives a mlo for Tveire with tlim plates, 
of which tho following is a modification — 

G = 2 1953 x(i-0 lnd)x cl^ 

In which n = tho number of end confmclions (nsnally two), 
and tho rest as in (72) ^Yhero tho weir is tho full width of 
tho channel, n = 0 By this role, with tho real lengths given 
above, tho discharges eomo ont 112, 251, 530, 1807, and 27G3 
gallons, which aro rather less than inth tho reduced lengths hy 
Tahlo 19 

(77) “ Ocer/ote-pipaj to Tanl$^ dc " — Tho rules and Tahlo 
for wcira apply also with approxunato correctness to an overflow- 
pipo to a tank, as m Fig 46, which may bo considered as a cir- 
cnlar weir whoso length is equal to tho circninfcrcnco of tho 
trumpet-month Tho following roles will giro tho some rosnlt 
xnoro directly — 

G a D X V5 X d X 8 4 


8 4 X D X 

“ = 

In which d = tho diameter of tho trumpet mouth in inches, 
D = depth of water over tho lip (measured from still-wator) in 
inches, and G = gallons discharged per mmuto Table 20 has 
been calculated hy this rule Tho sizo of tho discharge pipe A 
must bo detenmned by tho ordinary rules , with short pipes tho 
discharge is governed prmcipaUy by tho head due to velocity, 
which 18 given by Table 1 rather than Tahlo 2 for a pipe of this 
form For tanks 3 feet deep, and with a discharge-pipe of that 
length, Tahlo 21 gives tho maTimnm discharge Say wo had 
to provido for 400 gallons per mmuto — Table 21 shows that 



70 


OTERFLO^-nrES TO TiL^CKS. 


4 inclaes is tlio 510*111051 sieo of pipe admissible, and alloTrfng 
2^ inches for orerfloTr, l^blo 20 gives 12 inches for the least 
diameter of tnimpot-month. Wo must allow some margin for 
contingencies and in sneh n case, the lip of the tmmpct-month 
shonld not bo less than S inches below tho top of the tank, and 
thus 3 iuclies is practically 3o'?t in tho useful depth of tho tank. 

TvrLc 21.— Of tljc JUxiJTUM Di^cnAran of YnETiCAL Pipes 
S I'rTT wvo. 
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21 
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G 
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a 
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(78.) Tig. 47 shows a simple conlrivaneo of tho latoMr. Appold, 
by \\hioh this loss may Iw avoulctl, and tho wntcr-lovol not 
nlloMod to ri'O mon' than alxnit |th of an inch abovo tho lip of 
tho tniiiu>cl-numth, even when tlio deseending pipo is discharg- 
ing full-lxna\ I) is a dixhotl cover of slioct copper, ilc , supported 
on four hmclvols 0, 0, cast on tho pipe, so that its lip at D is 
at tho samo love! as tho lip of tho tnimjxjt-mouth. When tho 
natcr rises to that lo\ol,it ihx's not immediately flow over when 
tho lip is dry, hut rises |X5rhaps of an inch abovo it, and 
then, suddenly owrfloning, creates rt partial vacuum under tho 
cover, causing tho n nlor to rise thero alx>vo tho lovol of tho wr'' 
in tho tank and filling tho pijx) ftiU-lxiro. TIio air under 
cover is swalloncil up by tho rush of tho witcr, and thoinaiin 
gurtutit,vnJi{ch tlirt^pyiucaartar^risdelircrcx!. This contiu 
till, tho water being drau-n down txdow tho lip of tho cover n' 
air ente^ and the donly ceases, to bo again rope 

should tho'^’afer ri ction dcjx'iids on tho snetio/ . 

tho down-piho, uliu. crfcct if tho Ixiro is not 

filled, it is obedient lat plixi «imcA larger t* 






OTlTFLOVra TO rOUTTAINS. 


71 


ttoccssary It is u^al to constrncl tlie pipo 60 as to serve as a 
irash-out valve, the joint at the bottom being turned and bored 
to 6t wntotight. 

(79 ) “ OKT/oirj/jrbtin/fltiw* — ^Inomsmcntsl fountains ivitb 
sballow basins it is important lliat tbo tvatcr-lovcl should flue 
tuatc as liltlo as poMiblo , licnco tbo form of ovcrflow-pipo just 
described is spccialljr applicable to sueb eases It is gcncrallj 
desirable that tbo pipo sbould bo concealed, wbicb may bo done 
by tlcng it in a small supplementary cistern by tbo sido of the 
fountain basin, intb a largo passage bctivccn them For small 
fountains inth say 100 gallons i>cr minute, an invcrtwl overflow- 
pipo may bo used, as in Fig 42, a short pipo A, ivbicb serves 
also os a avoste-pipo to empty tbo basin when necessary by tho 
cock B, carries tbo ovcrfloir tmmpct-moutb 0 Say tvo have 100 
gallons, then with a G inch pipe at A, tbo bend for velocity at 
entry would bo about 1 inch, and witli a 12 inch trumpet mouth 
tho head for overOow, by Table 20, is also 1 inch, so that tho 
watolmo would ductuato 2 inches Tho cock B may bo of 
emollcr size, say 3 inches, tho end of tho pipe being reduced to 
suit it With care, such on arrangement might bo used for a 
very largo quantity, by adjusting tho cock so as to carry rather 
less than tho supply, leaving tbo trumpet mouth to carry off the 
surplus and regulate tho level 

(80 ) “ Common OccrJIoio-ptpe ’ — ^When an overflow takes tho 
form of a short pipe inserted in tho side of a cistern os m Fig 45, 
and tho water to bo carried off is just suiflcicnt to fill tho pipo, tho 
discharge will bo given opproiunatcly by tho following r^o — 
G = d»» X 3 2, 

In which G = gallons discharged per minute 
„ d = diameter m inches 

Table 22, which has been calculated by this rule, may also be 
useful for another purpose It sometimes happens that tho only 
datum which an engineer obtams as a basis for rough estimates 
IS, that a spring or stream delivers “ about as much as a pipe of 
a certain size wonld carry This, of course, is very indefinite, 
but in most eases it means tho amount which a pipe would dis> 
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cliargo witbont extra pre«Buro»fts in Fjg 15 and TaUo 22: thos 
an S'incli pipe just filled dcKvofs about 580 gallons per minute : 
— -fl/o pi(>o in ( 37 ) TTAs obserred fo bo neatly filled with tho 
i^sumg stream when dischai^g 5C1 gallons. 


Tabij: 22.— Of iho DiscaaroB of Omirr-rirc?, Fi|: 
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cavprrn y. 

ov Tire sTrcNcni or WATini'rjrEs — itvnrvLL, Ac., Ac. 
fSl ) “ S/rai'jl/i of TlixcL ” — Tho Rtrcngth of pil>cs to 

resist nil intcnial preesuro is not Pimply proportion**! to 
thichness of metal Tho mafenal stretches or extends undtr i» 
ItafiiJo fctniin, nnd tlie result of citonsion js, tint tho in-ide 
inotal 18 more fitnuiml than that of tho outside, nnd that thick 
pipes nro wtaber la jiroportjon to their thicbjiC'’S tinii thi/i onis 
Barlon his given tho following rules • 

m nxr 

b^- 

P SxT 
K + T 

8 = C»±nxr. 
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In whicli S s tlio colicsiTQ strcngUi of tlio metal per Eqnaro 
inch 

n P s: the internal piessnro per sqnaro inch, in the 
same terms as S 

„ R s= the radios of the msido of tho pipe in inches 

„ T s; the thichncss of metal in inches 
For cast-iron S may bo tal.cn at 7 14.2 tons, or 16,000 lbs, per 
6(jTiare inch, and mth that strength ivo obtain tho hnrsting pres 
sore given hy Table 23, ivhidi shoivs that with a 10 indi pipo 
a thickness of 10 inches gives only fonr tunes tho strength dne 
to a thickness of 1 inch, 


Taele 23 — Of the STEEiaTn of a 10-iscn Cast mo\ Pipe lo rEsi«T 
IvTEBNAL PnESocni; ID Tous per Square Inch 




m 

1 


R|| 

m 

Tbiidmcss iQ inches 

6 

7 

8 

9 

10 

Prc'surc by Barlow's rulo 

3 00 

4 17 

4 40 

4 59 

4 7C 

Prfsmrc by exact calcnbtion 

4 337 

4 722 
1 

5 019 

5 2'5 

5 


Barlow s rule supposes that tho extensions aro simply propor- 
tional to tho strain, which is not qmto correct , by taking the tmo 
extensions wo obtain lbo*wond senes of bnrstingpnssnrrsgircn 
in tho Table by a calculation which need not bo here elaborated. 

(82 ) ‘ S/reny/7i c/ Th n — Barlow s rule is quite map 

plicablo to comparatively thin pii*cs such ns nre commonly uvixl 
for water and gas , there aro other an 1 j metical ex ns 1 mti ns 
which that rule dexa not eontcnijlsti l\itli tl m jijss at 1 
moderate pres urcs, we have to con«iJ r not onlv tl c t! icktic<s 
io Itoar li'f’ but lO^s* tliat nx^otr*'! 1 1 Isar tl o 

trafhc nloug tho roads m which tl er arc Cl lur irlvlaiL Again, 

although giaat core js taken 1 > k»ej ll i rx rx ex ntml it ii a< 1 1 
j>crfw,tly so; a I ipo lutcnd d to Isi 1 i eh th ck u fA'iut~lly 
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|tts nt ono Bido nnd |tlis at ibo other, autl of cotirso the least 
thickness governs the strength of tho pipe And again, thcro 
are in most cases shocks arising from the closing of cocks, fi.c , 
against -which it is necessary to provide adeq^nato strength In 
thin pipes, therefore, tho determination of the thickness becomes 
a practical question, and we must obtain an empirical rule from 
experience Tho rule may tako the following form — 



In which D = tho diameter of tho pipe in inches. 

„ 11 = the safo head of water, m feet 

„ t = tho thickness of metal in inches 
Table 24 has been calculated by this rule, and we have also 
given tho approrunato weights from gas pipes in which tho 
pressure is practically nothing, up to 1000 feet of water Engi- 
neoTS usually specify tho teetgU of their pipes rather than tho 
thickness, leaving the founder to fix that for himself which long 
practice enables him to do with considcmhlo precision. Of 
course absolute correctness cannot bo attained, and should not 
bo expected , a margin should bo allowed, say ono pound to 
tho inch, either way, so that, for instanco, a Kbinch pipe for 
100 feet head, specified to weigh 4 cwt 2 qrs 10 lbs , ns per 
Table 21, should not bo rejeefod if jls real weight is between 
4 cwt 2 qrs Olbs and 4 cwt 2 qrs 20 lbs. do Founders con- 
Silcr this to bo a fair allowance for variation in weight 

(83) “ Projxyrtiont of Socletjnpot’ — Tho joints of water- 
pipes arc usually made by Rockets and spigots run with mcltctl 
lead , and this is tho best mode. Such pipes arc easy to cast, 
and consequently cheap, the joints arc moro easily made than 
with flanges, and they admit a considerable departure from tho 
stnclly straight lino which is sometimes very conTcmcnt Bat 
to allow for this the sockets must bo made of larger diameter 
than IS ncccfi‘«iry where tho line is straight, and for this reason, 
perhaps, sockets are frequently made larger than Uicy fl oul 1 to 
for making a good joint For ordinary cases J inch in thickness 
or i inch in iameter will suiSco for i ipcs of 3 lacLts diameter 
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Table 27 — Of the PEOPOETiOis of Cast iron Flange pipes 
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ioebes 



4' 


3 



it 
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3J 
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tV 

41 
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131 
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121 
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12 

18i 
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(85) of Lead Ptpes ’^ — Tho strength of lead pipe 

may ho calculated by Barlow’s rule (81), taking tho cohesive 
strength of drawn lead at 2745 lbs per sciuaro inch, ns doter- 
inmcd by direct expenment. Lead pipes nro made of venous 
Weights to suit the varying requirements of practice, taking 
medium weights, aud deducing the thickness thcrefiom, wo 
obtain the following Table, in which tho snfo working pressure 
13 taken at -^th of the bursting strain — 


Diameter of pipe 
aVcigbt of pipe lbs per fool 
Snfo pressure feet of water 


. 4 i 1 li li li 

il 53 1 47il b7,2 {504 33' C 0 G 75 
'232 183 j 174 151 152 [ 140 122 


2 

& 0 
lie 


(8G ) “ Poicer o/SorseSy dc , tn rawmy Water ” — Tho power of 
men, horses, d.c , m raising water vanes with tho duration of tho 
labour The following Table gives tho number of gallons raised 
1 foot high per minute, with common dcop-woU pumps, and tho 
mean velocity in feet per ruinuto 
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A good higli prcssaro Btcam-engino should raise 8S00 gallons 
1 foot high iKsr minuto per nominol horso-powcr, the fnction of 
tho pumps being compensated by tho excess of tho indicated 
power over tho nominal 

(87) “ — Tho depth of ram in this country rancs 

very mueh with tho locality* tho «ist coast is tho driest, tho 
annual nmfall being in Northombcrland about 28 07 inehcs, 
dimmishing thcnco gradually to 23 in Norfolk and to 19 8 in 
Fssex, which 18 tho minimum Tlicnco southward and westward 
it gradually increases to 25 C in Kent, 30 G1 in Sussex, 88 75 
in Dorset, 48 8 in Devon, and 50 C in Cornwall Tho midland 
districts hoTo a medmm fall Middlesex 21 1, Leicester 20 0, 
Hereford 29 27, Chcshiro 31 3, Ac , Ac 

"Heavy Hams’ — For town dminago and other purposes, wo 
require to know tho maximum fall of ram dunng storms Wo 
find that m 

15 IG SO 45 CO 120 180 minutes 

the maximum fall of ram may bo 
020 75 10 18 25 3 25 8C 4 inches, 

which IS at tho rate per hour of 

12 9 4 30 33 3 25 18 1 33 inches 

"Hain-uater Tanks — Where it is desired to utilizo as much 
03 possible of tho ram falling on a building tho minimum size 
of tank becomes an important but compbeated question Taking 
a place with 24 inches aunual ramfall wo haro evidently an 
allowance for a regular consumption of 2 inches per mouth 
But there may ho a drought in which for ono month no ram 
falls, and the tank must have 2 inches in store to supply tho 
deficiency There may also bo a wet month with 6 inches of 
ram, and as only 2 mehes is consumed, 4 inches must bo stored 
The tank must therefore bold 2d-4 = 6 inches or jth of tho 
annual rainfall Agam, for two months wo reqniro 4 mehes 
but tho rainfall vanes from Id to 7d inches, and tho tank must 
hold (4 -- ld)-f- (7d — 4) = 6 inches as before For threo 
months we require 6 inches, but tho ramfall varymg irom 2 4 
to 8 7 mehes, tho tank should hold (6 — 2 4) + (8 7 — C) =* 
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6 3 inches. From nil thiawo find that a ram water tank shonld 
hold at least Jth of tho annual rainfall Thus, with 24 inches, 
or 2 feet per year a budding 1830 square feet m area, collects 
1830 X 2 s= 3660 cubic feet, allowing a consumption of 10 cubic 
feet or 62 3^ gallons per day, and tho tank should hold 3660 — 
4 a 915 cubic feet 

(88 ) “ Weight nnd Pressure of Water ' — A gallon of u ater 
at 62’ weighs 10 lbs , and contains 277 274 cnbic inches, or 
16046 cubic foot hence a cubic foot weighs 62 321 lbs , and 
contains 0 2321, or nearly 6} gallons Tohla 28 gires the 
pressure in pounds per square inch dno to given columns of 
water and meremy 

Table 28 — Of EnoivALE'rr Pressures m Pounds per Square Inch 
Feet of Water, and Inches of Meecorv at a Temperature of 
62'’ Kihr 


PoODds p«r 
Sqnan uch 

F«t Df 
Watff 

fOCtMT^r 

ilifcury 

EouBts prr 
SquanlnUk 

F«tof 

Wiittr 

lOCb 9 of 
ll»rcm7 

1 

2 311 

2 048 

2 5962 

6 

5 31193 

2 

i 0'’2 

4 002 

3 0289 

7 

6 19731 

8 

6 933 

6 138 

3 461G 

8 

7 08^64 

4 

d 2U 

8 184 

3 8942 

9 

7 96j97 

5 

U 555 

10 230 

48S75 

1 12952 

1 

G 

13 m 

12 278 

97750 

2 25904 

2 

7 

16 r? 

14 3‘»2 

1 iG(P5 

3 S8S56 

8 

8 

18 4SS 

16 868 

1 95500 

4 5ISGS 

4 

9 

20 800 

18 414 

2 4IS75 

6 C4 GO 

5 

43'’? 

1 

88533 

2 93250 

6 —712 

6 

8G54 

o 

1 7~066 

3 42125 

7 90664 

7 

1 29S1 

3 

2 C5599 

3 91000 

0 0361G 

8 

1 7303 

4 

S 54132 

4 39875 

10 1C56S 

9 

2 1635 

= 

4 4^665 





E5:A3m.E — Required the Presparo per Sqnaro liicli and EqtuvaJeDi 
Coluum of Slercury for a Bead of 247 feet of ater 



PoTOdspfr 

Iccbca or 

W»ler 

Square Isdi. 

Mercnty 

200 

= 86 51 or 

177 06G 

40 

« 17 308 

So 413 

7 

= 3 <P9 

C 197 

247 

S= 106 877 „ 

216 6“6 
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struction, Machinery, and Plant By G Scamell, i R I B A Secon 1 
edition revised enlarged and partly rewritten ByF Colter, MICE, 
MIME With 20 platts, Svo cloth, l8/ 

A Practical Treatue on the Manufacture of Starch, 

Glutose, S/arek-Sugar, and Dextrine based on the German of L Von 
Wagner, Professor m the Royal Technical School Buda Pesth, and 
other authorities By JULius Fkankel, edited by Robert Hotter, 
proprietor of the Philadelphia Starch Works With 58 illustrations, 
' 344 I’P I clod), t8/ 
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WORKSHOP RECEIPTS, 

THIRD SERIES. 


By C G WARNFORD LOCK 

'Cnifonn -with, the First and Second Series 


Alloys 

Aluminium 

Antimony 

SariuRU 

Seryllmm 

Bismuth 

Cadmium 

Ccesiunu 

Calcium 

Cenum 

Chromium 

Cobalt. 

Copper 

Didymium 

Eleclncs 

rnamels and Glares 

Erbium 

Gallium 

Glass 

Gold. 


Synopsis of Contents 


Indium 

Rubidium 

Indium 

Ruthenium 

Iron and Steel 

Selenium 

Lacquers andLacquenng 

Silver 

Lanthanum 

Slag 

Lead 

Sodium 

Lithium. 

Strontium 

Lubneants 

Tantalum 

Magnesium 

Terbium 

Manganese 

Thallium 

Mercury 

Thorium 

Mica. 

Tin 

Molybdenum 

Titanium. 

NiclwcL 

Tungsten 

Kiobmro 

Uranium 

Oammm 

Vanadium 

Palladium 

\ ttrium 

Platinum 

Z nc 

Potassium 

Zirconium 

Rhodium 



London: E & E. IT. SPON, 126, Strand. 

Now York 35, Jllurray St/eet 



WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS A MECHANICAL SDBJECTS. 

By C G. WARNFORD LOCK 

250 ninstratlons, with Completft Index, and a General Index to the 
Font Series, Ss 


Waterproofing — tofiber goods, cnprammomam processes, m»sceUaneoos 
preparations 

Packing and Storing articles of delicate odour or colour, of a deliquescent 
character, liable to ignition, apt to suffer from insects or damp, or easily 
broken 

Embalming and Preserving anatomical specimens 
Leather Polishes 

Cooling Air and Water, producing low temperatures, making tee, cooling 
'syrups and solutions, and separating salts from liquors by refrigeration 
Pumps and Siphons, emhracmg every useful contrivance for raising and 
supplying vater on a moderate acale, and moving corrosive, tenacious, 
and other liquids. 

Desiceating—air and water ovens, and other appliances for drying natural 
and artificial products. 

DistiUing.— water, tinctures, extracts, pharmaceutical preparations, essences, 
perfumes, and alcoholic liquids 
Emulsifying as required by pharmacists and photographers 
Evaporating — saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds 
Percolating and Macerating 
Elcctrotyptng 

Stereotyping by both plaster and paper processes 
Bookbinding m all its details 

Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Instruments—thc preservation, tuning, and repair of pianos, 
harmoniums, musical boxes, etc. 

Clock and Watch Mending — adapted for intelligent amateurs 
Photography — recent developmert in r»id processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and apphea 
lions to modern illustrative purposes. 


Iiondon; E. & F. N, SPON, 126, Strand. 

New York: 35, Slurray Street 
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